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ABSTRACT

The activities of the Psychometrics Department of TRACOR,
Inc., under Contract No. F 19628-70-C-0182 fall into two major
categories. 1In the first category are research activities
undertaken with the aim of developing improved methods for
evaluating voice communication systems and devices. In the
second category are testing services performed with processed
speech materials supplied by the contract monitor.

The research activities included five major research pro-
jects from which technical papers resulted. They are:

'"Diagnostic Approach to the Evaluation of Speech Intelli-
gibility"

"The Nature of Individual Differences in Diagnostic Rhyme
Test Performance"

"Speaker Effects on Intelligibility Test Results"

"Structure of Phonemic Information in the Oral and Nasal
Outputs"

"Diagnostic Evaluation of Intelligibility of Present-Day
Digital Vocoders' (jointly authored by W. D. Voiers and
C. P. Smith)
These papers constitute Chapters 1-5 of this report. A summary
of activities constitutes Chapter 6. The results of diagnostic

intelligibility tests were forwarded to the contract monitor as

they became available during the period of the contract.
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CHAPTER 1

DIAGNOSTIC APPROACH TO THE EVALUATION
OF SPEECH INTELLIGIBILITY

by

William D. Voiers



PREFACE

During the three years in which the Diagnostic Rhyme Test
Form II1 was used for purposes of research and system evaluation,
a mass of data bearing upon the intrinsic difficulty of indivi-
dual test items was accumulated. Examination of these data
revealed various indications that variation in difficulty among
items of a given type is, at least in part, of systematic origin.

There were several indications that item difficulty
varies with vowel context. More pronounced, however, were indi-
cations that the apprehensibility of a given feature varies with
the states of other features in the same phoneme. This phenonenon
is termed an ipsative dependency to distinguish it from the types

of transitive dependencies usually referred to arf coarticulation

effects. For example. of the items designed to test for the
apprehensibility of voicing, those itens in which the critical
phonemes are sustained (e.g., /v/ and /f/) appeared to be more
difficult generally than items in which the critical phonemes are
interrupted (e.g., /b/ and /p/). Among the items designed to test
the apprehensibility of graveness, items which involved unvoiced
critical phoneme pairs appeared under some conditions (e.g.,
noise-masked and low passed speech) to be more difficult than
items involving voiced pairs. The reverse of this trend was

observed, however, in the case of high passed speech, and there

2



were other instances of dependencies which appeared to be inter-
active with the transmission condition involved.

Such dependencies are clearly of potential diagnostic signi-
ficance, but while they can be detected with Form III of the DRT,
their evaluation is, in most instances, a rather cumbersome pro-
cess. It was clearly desirable, therefore, to design a test,
the structure of whichwould permit relatively rigorous statis-
tical evaluation of both ipsative and transitive dependencies.
Accordingly, modification of the DRT was undertaken to the end
of providing a test in which various dependencies of both types
would be amenable to routine statistical evaluation. The culmin-
ation of this effort was Diagnostic Rhyme Test Form IV (DRT 1V),

which is described in the following report.



INTRODUCTION

It is a matter of common observation that speech communica-
tion -- more specifically, a listener's apprehension of a
speaker's linguistic intent -- is essentially a dual process.
One aspect of this process, the perceptual aspect, involves
discriminations by the listener of various acoustical manifesta-
tions of the speaker's intent. The other, apperceptual, aspect
involves inferences based on contextual or extra-stimulus infor-
mation, i.e., on information from sources extrinsic to the inme-
diate acoustical correlates of the speaker's intent. Thus the
listener's uncertainty with regard to a speaker's intent may bhe
reduced by such factors as his knowledge of the structure of the

2 . .
his knowledge of the circumstances occasion-

language involved;'®
ing and the purposes motivating the communication;" his familiar-
ity with dialectal and idiolectal characteristics of the speaker;‘
and his knowledge of the immediate past history of the speech
signal.5

Both the perceptual and the apperceptual aspects of the
speech apprehension process are legitimate subjects of scientific
interest. For most scientific purposes. however, it is essential
that they be subject to independent experimental control. Clearly,

it is essential that contextual effects be controlled in listening

tests conducted to evaluate the intrinsic characteristics of a

4



5
transmission channel or medium as well as in experiments concerned
with certain aspects of the processes of speech production and
perception. To the extent that a listener's responses in the
testing situation are dependent to an unknown degree upon con-
textual information, his performance necessarily provides an im-
perfect reflection of the entity or process under evaluation.
Although cognizance of this issue is at least implicit in the
designs of most speech reception tests in use today, a numbe:r of
problems remain. These problems become particularly acute, more-
over, in those instances where some form of ''diagnostic' scoring
is to be attempted, i.e., where significance is to be attributed
not only to the number, but also to the types of errors committed
by the listener.

Among the more formidable problems complicating the design
and use of speech reception tests is the problem of controlling
the effecgs of the listener's familiarity with the test materialsy

y
used., and a variety of procedures have been devised to cope with
it. 1In the case of the Harvard Phonetically Balanced (PB) Test,
for example, the recommended procedure for controlling familiarity
involves an extensive regimen of training, terminated on evidence
that the effects of familiarity have reached an asymptotic state.’
This approach to the problem serves, among other things, to limit
the circumstances in which use of the '"PB' test is practical.

More crucial, however, are its potential effects on the validity



of results obtained with the test.

Familiarization training serves most immediately to alter the
general level of difficulty of the listener's task, and thus to
obscure any relationship between the ''real world" and the testing
situation that might be claimed on the basis of absolute level of
difficulty. Additionally, however, familiarization training may
effect qualitative changes in the listener's task and thus in the
implications of his performance. This possibility derives fron
the fact that the various discriminations required of the listen-
er in the course of recognizing a speech sound are not of intrin-
sically equal difficulty. As shown by Miller and Nicely.~ for
example, some discriminations are accomplished with virtually
perfect reliability, even under conditions of extreme signal im-
poverishment. Others are accomplished with significantly less
than perfect reliability under the best of conditions, and may
become prohibitively difficult under conditions of signal impover-
ishment. In view of these considerations, it would seem to be an
extremely tenuous assumption that the facilitative effects of
familiarization training are exerted equally on all aspects of
the sjpeech discrimination task. The alternative possibility is
:hat familiarization training facilitates listener performance
primarily in the more difficult aspects of the speech discrimina-
tion task. Effectively, therefore, it may desensitize the test
primarily with respect to the acoustic speech features most cru-

cial to the communication process and, perhaps, most vulnerable



7
to common forms of signal impoverishment. 1In any case, the inter-
phonemic constraints characteristic of the 'PB'" and similar word
recognition tests preclude any type of qualitative or ''diagnostic'
evaluation of listener errors. Such constraints hopelessly con-
found the effects of contextual factors with effects attributable
to the characteristics of the entity under test.

Testing procedures in which stimulus uncertainty is limited
to a single phoneme (as in the Fairbanks Rhyme Test“), and parti-
cularly where the listener's response options are explicitly
specified (as in the Modified Rhyme Test ® and the Phonemically
Balanced Rhyme Testlo). substantially reduce the effects of
familiarity upon listener performance. However, restriction of
the listener's reponse options, whether implicit or explicit, may
complicate the interpretation of test results in other ways,
particularly if significance is to be attributed to the type as
well as to the number of errors committed by the listener. To
restrict the listener's response options in an arbitrary or unsys-
tematic manner may be to substitute one set of unknown contextual
constraints for another, such that stimulus effects upon the type
of error committed become confounded with contextual effects.

The crucial point here is that the discriminations required of a
listener in identifying a complex stimulus are determined not by

the characteristics of the stimulus as regarded in isolation, but

rather by the characteristics that distinguish the stimulus from



what the listener conceives to be the set of possible stinuli in
a given instance. Thus, to constrain the listener's options in
an unsystematic manner is possibly to deny hin opportunities for
providing information concerning the discriwminability of certain
speech features. This, in turn, may serve to desensitize a
speech reception test with respect to specific deficiencies of
the communication system, speaker, or listener being tested.

The hazards of restricted response sets can be minimized by
means of carefully designed test items, particularly where the
differences between the correct and incorrect response options are
in some sense univocal. For example, in the ensemble:

bee pea vee dee me,
each permissible, erroneous response differs from the correct
response, 'bee,' by a single ''distinctive feature.' Tests composed
of such items could be quite effective in circumstances where the
individual listener does not experience repeated exposure to the
test materials.

Problems arise, hnwever, where it is desirable to have differ-
ent, but equivalent randomizations of multiple choice test mater-
ials. If, for example, ''pea' were the stimulus word in the above
ensemble, '"unidimensional' differences between correct and in-
correct options would no longer obtain. Only ''bee' differs mini-
mally and unidimensionally from the stimulus word, while other

options differ by two or more ''distinctive features.' The struc-



ture of a test composed of such items would thus tend to vary
somewhat with different randomizations of the test materials and
to greatly complicate the mechanics of both gross and dfagnostic
scoring.

From the foregoing it is evident that the multiple choice
approach, in general, has certain limitations as well as intrin-
sic advantages. Many of these limitations can be overcome by
recourse to the special case of two-choice testing procedures.
With such procedures, erroneous responses can, but for the effects
of chance, be attributed unequivocally to the characteristics of
the entity under test. Because of the inherent redundancy of
the speech signal, however, phonemic confusion data do not ordin-
arily suffice for exact specification of deficiencies of the
system or other entity under test. Rather, a phonemic confusion
implies a deficiency in the encoding, transmission or discrimina-

tion of one or more acoustical speech features, the precise num-

ber and nature of which cannot be specified without additional
information.

Given this circumstance, it is clearly desirable at least to
minimize uncertainty as to the feature or features involved.
The means to this end is provided by a phonemic taxonomy broadly
patterned after the distinctive feature systems of Jacobson, Fant

1

and Halle,1 Miller and Nicely," and De Lattre.)’ Such a taxo-

nomy provides a basis for the construction of a two-choice test



10
where the correctness of the listener's response to a given item
is criterial -- depending on the design and purposes of the in-
vestigation --of the effective fidelity with which a speaker
articulates, a system transmits, or the listener himself can dis-
criminate the states of a limited set, or cluster, of inter-
correlated, information-bearing, acoustical features. Data
yielded by such a test can serve to sharply delimit the possible
sources of deficiency or malfunction in an entity under test, and
may serve in conjunction with other information to identify, pre-
cisely, source of malfunction or deficiency.

The Diagnostic Rhyme Test (DRT), in all of its versions, was
designed on the basis of the foregoing considerations. According-
ly, it is a two-choice test in which each item involves two
rhyming words, the initial consonants of which differ by a single
phonemic attribute or feature. The listener's task is simply to
Judge which of the two words has been spoken, indicating, in
effect, that he has or has not apprehended the speaker's intent
with respect to the state of a particular phonemic attribute.

In addition to the theoretical advantages that can be realized
with a two-choice approach, there are some significant practical
advantages. Among them are: (l.) economy of testing time and
materials, in that the use of minimally contrasting word pairs
serves to exclude excessively easy and, hence, effectively non-

functional items; (2.) minimal requirements with regard to lis-
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tener selection and training (previous experience with the test
materials can serve to facilitate listener performance only with
respect to a particular randomization of the test materials);

(3.) adaptability to both manual and computer scoring schemes,
(4.) ease with which structurally equivalent randomizations can
be generated.

Table 1 presents the phonemic taxonomy used as a basis for
the design of the DRT, in which the six dimensions: voicing,

nasality, sustention, sibilation, graveness, and compactness

are represented. No provision is made to test apprehensibility
of '"'vowel likeness,' but constraints are observed in item con-
struction to prevent covariation of this attribvte with any of the
above.

The articulatory and acoustical correlates of the phonemic
attributes (or their equivalents in other classification systems)
with which the DRT is concerned are extensively described in the
recent 1itetature.“ Only the more important of these are indi-
cated in Table 2. 1In accordance with the principle that consonant
phonemes carry the bulk of the useful information in speech, and
are also most susceptible to degradation, the scope of the DRT,
like the Fairbanks Rhyme Test and its derivatives, is concerned
only with the apprehensibility of consonants. Also like the FRT,

the DRT treats only the case of consonant apprehension in the

initial position. Although it is recognized that consonants may
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be differentially perceptible in the initial, intervocalic and
terminal positions, the features involved are assumed to be

equally represented in all positions.
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THE DIAGNOSTIC RHYME TEST (DRT)

Structure of the DRT

The Diagnostic Rhyme Test (DRT) is more properly described
in terms of a set of principles for item construction and selec-
tion than in terms of a specific corpus of test materials. Thus,
the corpus of 96 rhyming word pairs shown in Table 3 constitutes
only one realization of such principles, but takes into account
the results of various experimental investigations conducted with
earlier versions of the DRT. The gross structure of the test is
evident in the table, where the items in each block of seven are
arranged according to the attribute involved. The order is as

follows:

P

Voicing

2. Nasality

3. Sustention
4. Sibilation
5. Graveness
6. Compactness

7. Filler item (to be used for research
purposes, etc.)

The positive state (e.g., grave) of each attribute is repre-
sented in the left member of each pair; the negative state (e.g.,
acute) is represented in the right member of each pair.

The apprehensibility of each attribute is tested in each of
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KEY-TEA 34.
**  ec-e- 98.
DINT-TINT 22.
NIP-DIP 30.
THICK-TICK 38.
SING-THING  46.
FIN-THIN 110.
GILL-DILL
*k  eeee- 70.
DENSE-TENSE 57.
NECK-DECK 65.
FENCE-PENCE 17.
CHAIR-CARE 81.
PENT-TENT 33.
YEN-WREN 97.
*k eeee- 49.
GAFF-CALF 85.
NAB-DAB 93.
SHAD-CHAD 101.
SANK-THANK 109.
FAD-THAD 61.
SHAG-SAG 69.
*k ceee- 215

2.

6.

Z00-SUE  106.
MOOT-BOOT  58.
FOO-POOH  10.
JUICE-GOOSE  18.
MOON-NOON  26.
COOP-POOP  90.
*h oo 42.
VOLE-FOAL  78.
MOAN-BONE  86.
THOSE-DOZE  94.
JOE-GO 102,
BOWL-DOLE  54.
GHOST-BOAST  62.
*h oo 14.
VAULT-FAULT
MOSS-BOSS
THONG-TONG 73,
JAWS-GAUZE  25.
FOUGHT-THOUGHT 89.
YAWL-WALL  41.
*k  oeee- 105.
JOCK-CHOCK  29.
MOM-BOMB  37.
VON-BON 45.
JOT-GOT 53.
WAD-ROD 5.
HOP-FOP 13.
*k aeme- 775

1.
9

* Numbers to the left of each pair indicate the position of
each block of 112 items on the listeners' answer sheet.

ek

Filler items.

option of the experimenter.

16

Speech Materials Used in Form IV of the Diagnostic Rhyme Test.

DUNE -TUNE
NEWS-DUES
SHOES -CHOOSE
CHEW-COO
POOL-TOOL
YOU-RUE

GOAT-COAT
NOTE -DOTE
THOUGH-DOUGH
SOLE-THOLE
FORE -THOR

SHOW-SO

d%

DAUNT -TAUNT
GNAW-DAW
SHAW-CHAW

SAW-THAW
BONG -DONG

CAUGHT -TAUGHT
%%k

BOND-POND
KNOCK-DOCK
VOX -BOX
CHOP-COP
POT-TOT
GOT-DOT

the item in

The manner in which these spaces are filled is at the

testing experimental items.

Among other things, they may be used for
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eicht vowel contexts. This involves two vowels from each
"quadrant'' of the vowel articulation diagram. Thus the four upper
left blocks of Table 3 involve high, front vowels, whereas those
in the four upper right blocks involve high, back vowels. The
low, front vowels are represented in the four lower left blocks,
while the low, back vowels are represented in the lower right
blocks. No central vowels are used ir the DRT.

There are two grossiy equivalent items (e.g., bean-peen and
veal-feel) designed to test for the apprehensibility of each attri-
bute in each vowel context, which redundancy serves, among other
things, to facilitate various tests of the reliability or consis-
tency of listener performance over the course of a testing session.
Either member of each pair may be chosen as the stimulus word in
a given instance without changing the function of the item quali-
tatively. Choice of stimulus w)rd affects only the polarity of
the test provided by the item.

It is perhaps apparent from the table that insufficient
latitude exists to permit any degree of selectivity on the basis
of frequency of word occurrence in speech or printed matter.
However, results such as those of Pollack, Rubinstein and Decker:F
suggest that frequency of use influences the perceptibility of
complex stimuli primarilv, if not only, a< it provides a basis
for the listener's expectation concerning the occurrence of the

stimulus. Where other, more explicit, bases for expectation are
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available -- as they are in the case of the DRT -- frequency of
use may reasonably be expected to have little or no influence on
listener response, particularly, perhaps, where the listener is
required, in effect, simply to discriminate a specific aspect of
the total stimulus event, rather than to ''recognize' the stimulus.

It may also be noted by reference to Tables 2 and 3 that
there are some minor exceptions to the rule of ''unidimensional
difference' between members of each word pair. This results from
the fact that all compact items are here classified indifferently
with respect to graveness (rather than positively, as in Halle's
caxonomy)." Thus, while the phonemes ccmprising the pairs /k-p/.
/g-b/, /k-t/, /g-d/, etc., differ primarily with respect to com-
pactness, they might be considered to differ secondarily in terms
of graveness in that the first member of each pair has a neutral
or indeterminate status with respect to the latter attribute,
while the second member of each pair has a positive or negative
status. In terms of the taxonomy in Table 2, there are, in other
words, no phoneme pairs whose members are distinguished purely on

the basis of compactness. However, adoption of Halle's system,

whatever its merits in this application, would restrict the avail-
able phoneme pairs to those involving the ''back-front' opposition.
Data on phonemic confusability (e.g., Miller and Nicely)” suggest
that the solution proposed here tends to conform most nearly with

the facts of phonemic perception. Some experimental justification
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for this course of action is also provided by results to the
effect that the apprehensibility of compactness, as measured by
such items, is quite differently affected by various forms of
signal impoverishment than is graveness.

In recognition of experimental evidence that the acoustical
correlates of the state of a given attribute may not be equally
apprehensible in every instance of its manifestation, nor equally
vulnerable to all forms of signal impoverishment, various addi-
tional constraints were imposed in assembling the corpus shown
in Table 3. Among the more important of these are:

1. In one-half the items designed to test for the appre-

hensibility of voicing, both critical phonemes involve

friction; in the other half, friction is absent. Balance
between the upper and lower and between the front and back
halves of the vowel space is maintained with respect to
these three taxonomic dimensions as well as to graveness

and compactness.

2. Half of the nasality items in each vowel context lie in
the ''grave plane,'" i.e., involve grave phoneme pairs; half
are in the acute plane. All, of course, lie at the inter-
section of the voiced, interrupted, unsibilated, and diffuse
planes.

3. Half of the items designed to test for the apprehensibi-

lity of sustention lie in the voiced plane; half in the un-

voiced. This dichotomy is not preserved within each vowel
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context, due to the constraints inherent in the language,
but each quadrant of the vowel space is balanced in this

respect.

4, Half of the sibilation items in each vowel context lie

in the voiced plane; half lie in the unvoiced. But for the
pair ZEE-THEE, there is perfect symmetry of halves of the
vowel space.

5. In the case of graveness, items were selected such that,
for each vowel environment, one item lies in the voiced
plane, one in the unvoiced; one lies in the sustained plane,
one in the interrupted.

6. In addition to the constraints previously noted with

respect to compactness, items were selected such that, for

each quadrant of the vowel space, one item lies in the

vowel-like plane and one item lies in the sibilated plane.

All combinations of the states of voicing and sustention are

given equal representation in each quadrant of the vowel

plane.

With minor exceptions, the two halves of the vowel space,
partitioned horizontally or vertically, involve identical phorneme
pairs for testing the apvnrehensibility of any attribute.

Preparation of Stimulus Materials

The first steps in the preparation of test speech materials

involve the determination of sequential arrangements of items and
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the selection of a stimulus word from each item. Assuming that
adequate precautions are made to counterbalance the effects of

' etc., there are no theoretical bases for

fatigue, 'warm up,'
favoring one item order over another. Nor, for that matter, is
there any compelling reason for using more than one order. It

has proved useful, from a practical standpoint, to order the test
items so that the apprehensibility of each attribute is tested
once with every seventh item, as well as to vary the vowel con-
text such that the eight vowels are cycled every eight items.

One ordering yielded by this procedure is indicated by the numbers
to the left of the items in Table 3, and it is suggested that this
ordering be incorporated as a standard of ")RT testing procedure,
except where special circumstances may dictate otherwise.

For general testing purposes, the list of test items is
cycled four times (''normal administration'), one stimulus word
being selected from each item or word pair on each cycle, to yield
a total of 448 stimulus words (including 64 experimental words).
Depending on the design of the listener's answer sheet, additional
"filler items'" may be used to absorb the effects of distraction or
delay occasioned by page changes, etc. A typical answer sheet is
shown in Figure 1. The first item in each column is a filler item,
as are the eighth and every seventh item thereafter. |

Selection of the stimulus word from each pair can be effec-

tively random in each instance but for the requirement that each



PEST
VAULT
DUES
VEE
THANK
ROD
SO
LID
DENSE
BOSS
FOO
ZEE
FAD
HOP
ROW
GIN
BEND
CHAW
JUICE
PEAK
BAT
ROCK
GOAT
MIT
THEN
GAUZE
NOON
KEY
RAMP

Fig. 1.

- TEST
- FAULT
- NEWS
- BEE

- SANK
- WAD

- SHOW
- RID

- TENSE
- MOSS
- POOH
- THEE
- THAD
- FOP

- LOW

- CHIN
- MEND
- SHAW
- GOOSE
- TEAK
- GAT

= LOCK
- COAT
- BIT

- DEN

- JAWS
- MOON
- TEA

- LAMP

Specimen DRT Answer Sheet

FAN
CHOCK
NOTE
TICK
CARE
DONG
YOU
REEK
GAFF
BOMB
DOUGH
GILT
PENT
YAWL
LOOT
VEAL
NAB
BON
SOLE
THIN

LONG

MEAT
SHAD

GOT
DOLE
DILI
LEND

DRT IV-(2)

- PAN

- JOCK
- DOTE
- THICK
- CHAIR
- BONG
- RUE

- LEAK
- CALF
- MOM

- THOUGH
- JILT
- TENT
- WALL
- ROOT
- FEEL
- DAB

- VON

- THOLE
- FIN

- PEG

- WRONG
- DUNE
- BEAT
- CHAD
- JOT

- BOWL
- GILL
- REND

22
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stimulus word occur twice in the course of the administration and,
thus, that each state of each attribute be represented an equal
number of times in each vowel context. It is of some advantage
to require on occasion that the two halves of a normal adminis-
tration be at least ''balanced,'" i.e., that each state of each
attribute be given equal representations in each vowel context
in each half of the test. These constraints serve to partition
the test into two identically equivalent halves and grossly
equivalent quarters and thus provide some opportunity for evaluat-
ing the consistency of the listener's performance during the course
of a test.

Recording of Stimulus Materials

For purposes of equipment or system evaluation, the test
words are normally recorded without a carrier phrase at a rate of
one word per 1.3 - 1.5 seconds. Rates of this order have been
found (Cohen)" to yield higher scores and smaller standard errors
than faster or slower rates, and of course make somewhat more
efficient use of testing time than do the rates normally used
with various of the more conventional tests of consonant appre-
hensibility. When the purpose of the test is to evaluate the
listener (particularly with very young or handicapped listeners),
slower rates of stimulus presentation may be used.

An additional time interval is provided between answer sheets

to give listeners ample time to turn from one sheet to the next.
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A "filler" item is also recorded at the place corresponding to the
top of each column on the listener's answer sheet to provide fur-
ther insulation against any distraction that might be occasioned
by spatial disparities between successive items on the listener's
answer sheet.

No attempt is made to achieve a uniform level from one test
word to the next, but an attempt is made to establish a fixed
recording level which will yield an average vowel peak value of
=2 VU. On completion of the editing process, averaged vowel
peak values are then used as a basis for setting the level of a
1 KHz calibration tone which is recorded at the beginning of each
tape.

Speakers normally require some amount of practice to achieve
uniform, rhythmic delivery in synchrony with a timing light.

They are instructed only to ''speak in a normal, conversational
manner -- avoid over-enunciation.' The rhyming option of each
stimulus word is shown next to the stimulus word on the speaker's
script in order to minimize ambiguity in pronunciation. Subject
to the results of research in progress, it may prove feasible to
coach the speaker in various ways to achieve a more ''mormal"
manner of enunciation as defined by his ''diagnostic profile"
under various transmission conditions.

Selection of Speakers

The problem of speaker selection for purposes of evaluating
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equipment or listener characteristics is yet to find a generally
satisfactory solution. The hazards associated with arbitrary
selection of single speakers are evident from the literature.
It is unlikely, however, that the use of two or three haphazardly
selected speakers is sufficient to assure the generality of re-
sults, whereas practical considerations often preclude the use
of substantially larger numbers of speakers. Until all of the
relevant speaker variables have been identified, the problem of
speaker selection can be dealt with only in a tentative and,
necessarily, somewhat arbitrary manner.

In one attempt to devise a means of selecting a 'typical
voice,'" a semantic differential-type voice rating form was used
to select from a pool of 32 speakers one voice which was judged
most nearly neutral with respect to a set of four perceived

voice traits (PVT's) as described by Voiers.'’

Subsequently, it has appeared that the DRT itself is sensi-
tive in a number of dimensions to differences among speakers and
may thus provide an effective means of selecting speakers of de-
sired characteristics.

Selection and Training of Listeners

A crew of eight, minimally trained listeners has been found
sufficient for most purposes of equipment evaluation with the
DRT, although a smaller crew may suffice, depending on the level

of precision desired. Crews of eight listeners typically yield
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standard errors on the order of 17 (adjusted for chance) over most
of the range of possible scores. However, slightly larger values
obtain toward the lower end of the intelligibility scale. Because
the text exhibits a degree of listener sensitivity, however, care
should be exercised in selecting listeners for tests conducted to
evaluate speakers or communications equipment. Clinically normal
hearing below 6,000 Hz is desirable. Standards based on perfor-
mance on the DRT itself have been found useful for purposes of
equipment evaluation.

Administration of the Test

The use of "live'" test presentation procedures tends to be
somewhat impractical for most purposes, and the use of pre-recorded
materials, as described above, is thus to be preferred in general.
For routine purposes of system evaluation, an average vowel peak
level of approximately 72 dB SPL (flat plate) appears to be most
satisfactory.

Listeners are instructed simply to strike out the member of
each word pair that they perceive to be the stimulus word. It is
stressed that there are no ''right answers'' other than those dic-
tated by the listener's perceptions of the stinulus words.

Scoring the Diagnostic Rhyme Test

DRT response data can be scored in a diversity of ways, de-
pending upon the interests of the investigator. Generally, how-

ever, greatest interest will attach to the six major '"diagnostic"



scores, each constituting an indicant of the gross apprehensi-
bility of the speaker's intent with respect to a given attribute.
1t is possible, in addition, to fractionate each of the major
diagnostic scores into various components (e.g., to obtain separ-
ate scores for the apprehensibility of sustention in the voiced
and unvoiced planes; voicing in the frictional - non-frictional
planes; nasality in different vowel contexts, and so on).

Separate scores for the apprehensibility of each state of
each attribute are likely to be of interest in that some experi-
mental variables may affect the apprehensibility of the two
states of some attributes in an asymmetrical manner. The result-
ing discrepancy between listener scores for the two states of an
attribute is termed bias. It is measured simply as the difference
between the percent (adjusted for chance) of the time listeners
correctly apprehend the positive state (e.g., voiced) of an attri-
bute and the percent of the time they correctly apprehend the
negative state (e.g., unvoiced).

Finally, a total score, representing the average of the six
major diarnostic scores is likely to be of interest in many appli-
cations. Research with previous versions of the DRT has shown
that such scores are generally equivalent, numerically, to scores
yielded by the Fairbanks Rhyme Test, but there is some indication

(Voiers et 1.)2°that the DRT is sensitive to certain types of

deficiencies not reflected in FRT scores.
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In principle, at least, DRT results lend themselves to
expression in terms of signal detection theory or information
theory. However, a somewhat simpler approach to the scoring
problem provides a solution which is probably adequate for most
practical purposes and also most consistent with prevailing con-
ventions. It involves the familiar correction for guessing,

accomplished by means of the following formula:

100 (R - W)
(T)

where S is the ''true' percent-correct responses, R is the ob-
served number of correct responses, W is the observed number of
incorrect responses, and T is the total number of items involved.

This correction is applied to all DRT scores, including the gross

or total score.

Manual scoring of the DRT through the use of templates is
quite feasible where the investigator is concerned only with ob-
taining a gross score and perhaps the six major diagnostic scores.
However, computer scoring not only facilitates this process,
particularly where multiple scramblings of the test materials are
involved, but also provides easy access to a wealth of other
potentially useful data. Among these are separate tallies of
individual listener errors in the apprehension of each state of
each attribute; error counts for individual items; and total
errors per subject for various subdivisions of the test. This

last serves, in light of the systematic redundancy of the DRT, to
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provide a powerful check on the state of alertness of individual
listeners over the course of the tes:t and for keypunching errors
during the transcription of test data for computer analysis. A
specimen printout for one scoring scheme is shown in Fig. 2.

Validity of the Diagnostic Rhyme Test

It is not possible within the scope of this report to treat
all aspects of the issue of the validity of the DRT, but it is
appropriate at least to address the major issue regarding the
validity of the DRT and the concepts on which it is based. Ob-
viously, the value of the DRT would be greatly restricted if it
proved insensitive to qualitative differences in the effects of
different forms of speech signal impoverishment. It has, in fact,
proven highly sensitive to such diffecrences and yielded results
congistent with known facts of acoustic phonemics. Fig. 2 thus
serves to illustrate the diversity of diagnostic patterns yielded
with scme common forms of speech degradation. Represented in the
figure are speech high passed at 4 KHz, low passed at 800 Hz, and
noise masked with a S/N ratio of + 3dB. Also represented are the
averaged scores for a sample of present-day digital vocoders.?°

All data represents averages for two administrations of the
DRT for each of six male speakers. A crew of eight male listen-
ers was used. There are important similarities and differences

among the results for the four conditions. They show, for one
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thing, that the sustained-interrupted and grave-acute distinctions

tend rather generally to be most difficult and most susceptible

to speech impoverishment. Voicing and nasality, on the other
hand, retain a high level of apprehensibility under most condi-
tions of signal impoverishment. Voicing does not, however, remain
equally apprehensible under all conditions and is predictably,
perhaps, relatively more apprehensible under low pass than high
pass conditions.

Particular interest possibly attaches to the comparison of
results for noise masked and low passed speech. As many investi-
gators have noted, band limited Gaussian noise has the effect of
hiyh frequency attenuation due to the relatively low level of
speech energy in the higher frequencies of the speech spectrum.
The diagnostic patterns found here to characterize the two cases
are in fact quite similar in most respects. They are readily
differentiated, however, on the basis of the sibilation scale of
the DRT. Predictably, low pass filtering greatly reduces the
apprehensibility of sibilation. Less predictably, however,
noise has relatively little impact upon the apprehensibility of
this attribute, in spite of the fact that noise is itself the
major acoustical correlate of the attribute. Differences between
the diagnostic patterns for high passed and low passed speech
are of a generally predictable character. Their similarities in

terms of graveness are also predictable in that the ranges of the
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second and third formeants were largely excluded by both pass
bands.

The foregoing results attest to one aspect of the validity
of the DRT, its sensitivity to qualitation differences in the
characteristics of transmission channels or media. Various
other aspects of this issue will be dealt with in forthcoming

reports.
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INTRODUCTION

Sampling error associated with listeners is a perennial
problem for the investigator who uses the response of human
listeners to evaluate the performance of speech communication
and processing equipment. The precision of such evaluations,
and in turn the power of statistical tests performed in conjunc-
tion with them, varies inversely with degree of inter-listener
variation. Thus methods of controlling inter-listener variation,
whether by statistical or experimental means, offer possibilities
for enhancing the precision or reliability of intelligibility
test results. However, the development of such methods pre-
supposes some understanding of tle -~ igin and nature, as well as
the degree. of inter-individual variation in speech discrimina-
tion ability.

The effects upon speech perception of individual differences
associated with pathology have been extensively investigated.
Generally, major emphasis has been upon the degree rather than
the nature of the discriminative deficiencies associated with
various pathblogical conditions. In one case, however, the Diag-
nostic Rhyme Test was used to investigate the effects of pathology
upon specific speech discrimination abilities, and provided some
valuable insights.! This investigation revealed quite clearly
that the effects of sensori-neural hearing impairment on speech

37
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discrimination performance are of a | ighly specific rather than
general character. Depending upon degree and nature of hearing
impairment, different aspects of speech discrimination perform-
ance are affected. Within the clinical population, at least,
speech discrimination ability is not a unidimensional entity.

The nature of inter-individual differences in speech dis-
crimination ability in the normal hearing population is yet to
be extensively investigated. However, the results of an investi-
gation by Elliott et al.? throws some light on the issue. These
investigators employed factor analytic techniques in an attempt
to identify the correlates of verbal recognition ability as
measured by the Fairbanks Rhyme Test. They found performance
on the Fairbanks test to be correlated with individual differ-
ences on both auditory and ''mon-auditory' tests. Among the ''non-
auditory' correlates of Rhyme Test performance were: vocabulary

test performance, word fluency. 1In both cases correlations with

performance on the Fiarbanks Rhyme Test were positive. Auditory
discrimination measures that correlated significantly with Fair-

banks Rhyme Test performance were absolute thresholds for pure

tones and difference thresholds for tonal duration, frequency and

intensity. Unexpectedly, however, the correlations between Rhyme
Test scores and absolute threshold measures were negative, which
fact implies that hearing loss (at least over the range involved)

is associated with superior performance on the Fairbanks Rhyme



Test. Of the seven factors revealed by the factor analysis, the
Fairbanks Rhyme Test exhibited substantial lcadings on five,
including a factor defined primarily by measures of intellectual
aptitude.

Given that speech discrimination ability as measured by
the Fairbanks Rhyme Test has such a diversity of antecedents,
the question arises as to whether speech discrimination involves
a single ability or a number of independent abilities. 1Is it in
fact a single, global ability, or a congeries of more elementary
abilities. Because of the diversity of measures it yields, the
Diagnostic Rhyme Test is eminently adapted to the purpose of
resolving this issue. Accordingly, a factor analytic investiga-
tion of individual differences in Diagnostic Rhyme Test perform-

ance was undertaken.

39
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METHOD AND MATERIALS

Subjects

Subjects for this investigation were 72 male college students
from the University of Texas, all of whom were born and raised in
the United States. Their ages range from 17 - 36. They were

paid at the rate of $2.00/hr. to participate in this and related

investigations.

Speaker
A single, male speaker (RD) recorded all of the speech

materials in this investigation. He was selected on the basis
of research results which revealed him to have a highly typical
DRT diagnostic score pattern under a diversity of transmission
conditions.

Test Materials

Subjects were administered the following tests in random
groups of eight:

1. Diagnostic Rhyme Test III (nine administrations, differ-
ent randomizations, the first two of which yielded data used in
this investigation).

2. Fairbanks Rhyme Test (five administrations, different
randomizations, the first two of which yielded data used in this
investigation).

3. Cooperative English Test - Form 1B - I (A four-choice
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test of Engl.sh vocabulary).

4. Cooperative English Test - Form 1A - 1 (A four-choice
test for the effectiveness of English expression).

5. Wide Range Vocabulary Test (A five-choice test of Eng-
lish vocabulary).

6. Word Productiveness Test (A test of the ability to pro-
duce words with common initial consonants -- j, g, b, h).

7. Pure Tone Audiometric Tests (Two administrations, Rud-
mose ARJ-4A Békésy recording audiometer; audiometric data for
each subject's 'best ear' were used in the analysis. The 'best
ear' was selected on the basis of lower total loss across the
five frequencies tested).

8. Minnesota Multiphasic Personality Inventury (A series
of preliminary analyses failed to reveal any significant person-
ality correlates of speech discrimination performance. Accord-
ingly, data from this test are not treated in the present investi-
gation).

Scores for each subject on 17 variables were obtained with
the test materials described above. Data on these variables
were then used for purposes of a factor analytic examination of
individual differences in speech discrimination. The variables
treated in the analysis were:

1. DRT - Total Diagnostic Rhyme Test (DRT) percentage score*

2. VOIC - Score on the Voicing sub-test of the DRT*



10.

1.

1'2¢

13.
14.
15.
16.

17.

NAS'. - Score

SUST - Score

SIBI - Score

GRAV - Score

CMPT - Score

on

on

on

on

on

FRT - Fairbanks

42
the Nasalits sub-test of the DRT*
the Sustention sub-test of the DRT*
the Sibilation sub-test of the DRT*
the Graveness sub-test of the DRT¥
the Compactness sub-test of the DRT*

Rhyme Test percentage score¥*

VOCB - Cooperative English Test (vocabulary) percentage

score

EFCT - Cooperative English Test (effectiveness) percent-

age score

WRVT - Wide Range Vocabulary Test percentage score

WPT - Word Productiveness Test - average number of

words produced for four initial consonants

1K - Hearing

2K - Hearing

loss (dB re 1S0-1964 standards) at 1000 Hz*

loss at 2000 Hz*

3K - Hearing loss at 3000 Hz*

4K - Hearing loss at 4000 Hz*

6K - Hearing

loss at 6000 Hz*

*Average score for two administrations
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RESULTS AND DISCUSSION

The matrix of product-moment correlations among the seventeen
variables under investigation is presented in Table 4. Coeffi-
cients of reliability are shown in the cells of the major diag-
onal axis. Several aspects of these results merit comment, for
example, the correlation between FRT and total DRT score which,
though positive, is negligible. Evidently the two tests tap
somewhat different aspects of speech discrimination ability, and
only VOIC and SIBL exhibit significant (p<.0l) correlation with
the FRT. Negligible correlations obtain for the cases of all
other DRT sub-tests.

It is also noteworthy that no measure of speech discrimina-
tion ability exhibits a significant positive correlation with any
measure of auditory sensitivity. 1In fact, the only correlations
which approach statistical significance are of negative sign.
However, in contrast with the results of Elliott et al.,
all correlations between measures of auditory sensitivity and
FRT performance are in the positive direction, though of negligi-
ble magnitude.

Various other aspects of Table &4 would merit discussion, but
the issues on which they bear are brought into somewhat clearer
focus by means of factor analysis. Factor analysis of the corre-
lation matrix in Table 4 yielded seven orthogonal factors which

accounted for 93 percent of the systematic variations among
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listeners. Rotation of axis to a varimax critevion of simple
structure vie'ded the pattern of loadings shown in Table 5.

Factor 1 is defined by the various measures of verbal apti-
tude. No other variahles have significant loadings on this
factor.

Factor 11 is defined by measures of auditory sensitivity.

N» ~ther variables have significant loadings on this factor.
Although Elliott et al. observed negative correlations between
measur2s of auditory sensitivity and Fairbanks Rhyme Test scores.
no sutch relation is indicated here. Nor is there any indication
that DRT performance depends to any deg-ee on auditory sensitivity
to pure tone stimuli, at least within the range of auditory sensi-
tivity characteristic of this samrple of listeners. As noted
earlier, however, the DRT is sensitive to auditory deficiencies

of pathological magnitude.1

Factor 111 is defined primarily by the DRT sub-test for the
apprehensibility of sustention. Several other variables have
appreciable loadings on this factor, but the FRT would appear to
be insensitive to this dimension of inter-individual variation.

Several variables contribute to the definition of Factor 1V,
They include the Fairbanks Rhyme Test, the Wide Range Vocabulary
Test scores, and scores for the two DRT attributes, voicing and
sibilation. The loading of WRVT indicates a positive relation-

ship between verbal ability (as measured by vocabulary) and



TABLE 5.

DRT
VOIC
NASL
SUST
SIBL
GRAV
CMPT

FRT
VOCB
EFCT
WRVT

WPT

1K
2K
3K
4K

6K

Factorial Structure of Seventeen

.06

.15

.04

.11
.03
.13
.90
.92
.74
.25

.07

.02
.01
-.04

II

.08
.15
.01
.08
.05
.03
.08
.10
.05
.05
.02
.05
.89
.88
.79
.77
.37

111

.49

-.02

.81

.21
.27
.00
.00
-.03
.24
.15
.11

.15

.06

IV

.29
.40
.00
.01
47
.04
.06
.75
.11
JL L
.40
.05
.03
.06
.03
.03
.01

46

Listener Variables

.01
.12

.16

.01

.01
.01

.02

.32
.32

.85

V1

.25
.22
.08
.02
.30
.07
.14
.09
.16
.01
.17
.85
.02
.04
.06
.00

.03

VII

.63

.49
.06
.39
.61
.13
.12
.07
.02
. 10
.09
.03
.08
.11
.08

.03
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scores on the FRT, which finding is generally consistent with the
results of Elliott et al. The loading of VOIC is in line with
previous observations concerning the structure of the FRT,
but the SIBL loading was somewhat surprising, since one
possible deficiency of the FRT is the negligible demand it makes
upon the listener with respect to this attribute of consonant
phonemes.*

WPT defines Factor VI, and several DRT variables exhibit
substantial loadings on this factor. The FRT, however, has a
negligible loading. Possibly this factor relates to some aspect
of perceptual motor speed or test-taking skill. The rapid pace
at which listeners must work in taking the DRT (one response
every 1.4 seconds) might thus account for the loadings exhibited
by various DRT variables. A question arises, hovever, as to why
the FRT, which involves the same stimulus presentation rate, does
not exhibit a high loading. The answer to this question is not
clear, but one possibility derives from the fact that all listen-
ers were given extensive exposure to the DRT before taking the
FRT. Possibly, therefore, they were more nearly habituated to
the time pressures involved by the time they took the FRT.

Factor VII evidently represents a dimension of speech dis-
crimination skill in that the total DRT score and three of its
components -- nasality, sibilatior and graveness -- have sub-

stantial loadings on this factor. The slightly negative loading
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for FRT is somewhat puzzling, but can probably b~ attributed to
chance.

From the foregoing it is evident that at least three inde-
pendent factors (ITII1, IV and VII) contribute to listener varia-
tion in speech discrimination performance. The first of these
(defined by SUST) appears to be related to the ability to dis-
criminate characteristics of the speech envelope while the second
appears tn involve the ability to detect the presence and character
of noise. The third appears to involve the ability to discrimin-
ate the characteristics and relationship of the first three
formants. Other dimensions might have emerged but for the fact
that all speech materials were presented under high fidelity
conditions, which circumstance may have operated to mininize
inter-listener variation in potentially significant dimensions
of discriminative ability.

It appears that the FRT is a relatively unitary measure,
loading substantially on only a single factor. Conceivably,
therefore, it fails to tap certain aspects of the speech discrim-
ination task. The DRT, on the other hand, has fairly high load-
ings on all factors involving speech discrimination, and would
thus appear to provide a more comprehensive measure of the ade-
quacy of a listener's discriminative capacity.

Clearly, additional research will be required to resnlve the

issue completely, but the results of this investigation strongly
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suggest that speech perception involves more than one dimension
of inter-individual variation in discriminative capacity. This
suggestion has obvious implications for the development of pro-
cedures for selecting operational communication personnel as

well as listeners to be used in the research and testing situa-

tions.
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SPEAKER EFFECTS ON INTELLIGIBILITY
TEST RESULTS

THE PROBLEM

The possible effects of a speaker's idiosyncracies upon
the results of intelligibility tests conducted to evaluate com-
munications equipment has long been a matter of concern to inves-
tigators in the field of speech communication. But while it is
clear that speaker effects exist, the nature of these effects
has not been extensively investigated.

The distinction between general effects and interactive

effects is particularly important in this context. To the ex-
tent that differences among speakers tend to remain constant
across transmission conditions or situations, the speaker effect
involves a general component. To the extent that speaker differ-
ences vary from one transmission condition to the next, the

speaker effect involves an interactive component.

The obvious practical consequence of any type of speaker
effect is that, normally, systems evaluated with one speaker
cannot be directly compared to systems evaluated with a differ-
ent speaker. However, the possibility may exist of independently
evaluating general differences among speakers and in turn ad-
justing results obtained with individual speakers in such a way
as to render them comparable.

52
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To the extent that speaker idiosyncracies are interactive

with transmission conditions (i.e., to the extent that differ-
ent systems may respond to different voices in different ways)
system comparisons inveolving different speakers are potentially
invalid. Control of such effects is, moreover, difficult to
accomplish by means other than those involving the use of large
samples of speakers.

In addition to the effects of gross differences in speaker
intelligibility, general and interactive, there exists the pos-
sibility that speakers differ systematically in terms of the
apprehensibility of specific speech features. 7Thus speakers
who vield comparable measures of gross intelligibility under a
given conditior may nevertheless be characterized by qualitative
differences in intelligibility, i.e., the discriminability of
certain speech features may vary from one speaker to the next.
Such effects have obvious implications for the technology of

diagnostic intelligibility testing.

A comprehensive treatment of the issues raised here is
beyond the scope of the present project. However, various
results obtained in the course of the project provide some in-
sights regarding them. The results of two experiments, in

particular, are relevant in this connection.

EXPERIMENT I

Methods and Materials

Speakers. Twelve male speakers, selected primarily on the
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basis of availability, were used in this investigation.
Their ages ranged from 20 to 45.

Listening Crew. The listening crew was composed of eight

males between the ages of 18 and 24. All members of the
crew had extensive experience with the Diagnosti c Rhyme

Test.

Test Materials. The Diagnostic Rhyme Test (Form III) was

used for purposes of this investigation.

Test Conditions. Diagnostic Rhyme Test materials as re-

corded by each of the twelve speakers were presented to the
listening crew under a diversity of transmission conditions.
Five of these were selected for the illustrative purposes
of this investigation. They included:

1. Undegraded speech

2. Low passed (400 Hz) speech

3. High passed (3 KHz) speech

4., Noise masked (-10dB S/N)

5. Digitally vocoded (1200 bps)

The level of the speech signal, prior to processing, was

approximately 72dB SPL in the first four conditions. The
vocoded speech was presented to listeners at this same
level. All tests were conducted in partitioned IAC rooms.
The test materials were presented diotically over TDH-39

earphones mounted in Rudmose Otocups.
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Results
The analyses of results reported here are addressed to
the following issues:
1. Consistency across conditions of speaker order with
respect to gross intelligibility.
2. Consistency across test conditions of diagnostic
score patterns of individual speakers.
DRT total scores for the twelve speakers were ranked for each
of the five test conditions. The results are presented in
Table 6.

TABLE 6. Ranked DRT Scores of Twelve Speakers Under Five
Transmission Conditions

Transmission Conditions

Speaker Undegraded High-Pass Low-Pass Noise Vocoded1
A 8 11 6 7 7
B 12 1 12 8 12
C 6 8
D 12 3 11
E 10 4 4
F 4 3 2 1
G 10 5 10 10 10
H 11 7
I 7 6
J 2 4
K 1 2 1
L 5 9 11 12 11
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It is evident from the table that, while speaker ranks under
the various conditions are by no means perfectly intercorre-
lated, a high degree of intercorrelation exists. Generally,
speakers who rank high under one condition tend to maintain
similar ranks under other conditions. The most notable excep-
tion occurs in the case of speaker B. Ranked below average
on all other conditions, he achieves the top rank in the case
of high passed speech. The reasons for this inversion are
not evident. The fact that speaker B's voice is the highest
pitched in this sample is of possible interest. There is,
however, no indication otherwise that high-pitched voices
are more intelligible under high pass conditions.

Table 7 presents the correlations among speaker ranks for
the five test conditions involved here.

TABLE 7. Correlations (o) Among Ranked DRT Total Scores of
Twelve Speakers for Five Transmission Conditions.

Condition Undegraded High-Pass Low-Pass Noise Vocoded,
Undegraded --

High-Pass .10 --

Low-Pass .48 -.16 --

Noise .68 A7 .53 --

Vocoded .37 -.02 .54 .36 --

It is evident from the table that speaker ranks are not equally
predictable from any one condition to another, although the size

of the sample involved here permits only the most tentative
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conclusions.

Clearly, intelligibility measures obtained under conditions
involving high-passed speech are of little value in predicting
a speaker's rclative level of intelligibility under other
transmission conditions. However, the level of predictability
among the various other conditions examined here is at least
more than negligible in all instances and relatively high in
several. In particular, a speaker's relative intelligibility
under high fidelity conditions correlates quite well (.68)
with his relative level under noisy conditions. More gener-
ally, however, it must be concluded that speaker characteris-
tics are interactive with channel characteristics and thus
that the results of system conparisons involving a single
speaker may be of questionable validity.

In addition to the issue of gross quantitative differences
among speakers, there is also the issue of qualitative differ-
ences. To what extent do speakers differ, for example, in
terns of diagnostic score patterns? Are such differences
general in nature or interactive with transmission conditions?
To throw some light on this issue, diagnostic scores yielded
by the twelve speakers discussed above were examined under the
same five transmission conditions.

For this purpose diagnostic data for each transmission con-

dition were adjusted to remove the effects of speaker differ-
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ences in total DRT score. Data so adjusted were then analyzed
to obtain for each speaker an average deviation score, i.e.,
the average of the absolute differences between his adjusted
scores on DRT sub-tests and the average score of the group on
corresponding sub-tests. The average so obtained thus representea
for each speaker an indicant of conformity (or nonconformity)
with the group under a given transmission condition.

The question then arises as to what extent speakers who
yield deviant patterns under one condition tend also to
yield deviant patterns under others. Table 8 presents results
which bear upon this question.

TABLE 8. Ranked Deviation Scores of Twelve Speakers and Five
Transmission Conditions.’

Transmission Conditions

Speaker Undegraded High-Pass Low-Pass Noise Vocoded
A 11 12 6 11 9
B 2 4 12 1
C 3 9 11 8 12
D 7 1 3 1.5 6
E 4 4 5 3 5
F 5 3 2 4.5 10
G 10 6 7 6 7
H 10 9 10 4
I 5 10 9 11
J 12 11 12 7 8
K 8 4.5
L 8 1.5 2

lHigher ranks denote smaller deviation scores, i.e., a rank of

"1" identifies the speaker with the most typical diagnostic
pattern under a given transmission condition.
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rrom the table it is evident that speakers wh> yield typical
diagnostic score patterns under one test condition tend rather
strongly to yield typical patterns under other conditions. but
pronounced exceptions to this tendency are evident. Speaker B,
for example, yields highly typical diagnostic score patterns
under four conditions. In the case of noise-imasked speech, how-
ever, his pattern is the most deviant of the group.

Table 9 shows the correlations among ranked deviation scores
for the five tranmission conditions.

TABLE 9. Correlations (- ) Among Pattern Deviation Scores of
Twelve Speakers for Five Transmission Conditions

CoHndition Undegpraded Hi _h-Pass Low-Pass Noise Vocoded
Undegraded --

High-Pass ) --

l.ow-Pass .51 .55 --

Noise .13 .37 2 82 --

Vocoded .39 .21 .39 .16 --

In general, the values of the coefficients of correlation are
sonewhat higher than those in Table 7, suggesting that individual
s peakers tend more strongly to maintain their diagnostic score
patterns from one condition to the next than to maintain their
relative level of gross intelligibility. Cnrrelations among
speaker ranks are far from perfect, however.

It is clear, therefore, that speaker differences in overall
intelligibility and in diagnostic score patterns are interactive

with channel or transmission conditions, and that comparative test
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results obtained with a single speaker may not be generalized
with a high degree of confidence to the population of speakers
at large. 1t shoul' 'e stressed, however, that the present inves-
tigation involved ~omparisons among extremely diverse types of
transmission conditions. Such diversity is unlikely toc be en-
countered in practical testing situations. Rather, the systems
or transmission conditions typically subjected to comparative
evaluation are likely to involve relatively similar types and
degrees of speech degradation. The question arises, therefore,
as to the practical implications of speaker x system interaction.
The scope of the present effort does not permit a comprehensive
investigation of this issue, but data obtained in the course of
the project throw some light on the issue. They are presented

and discussed in the following investigation.

EXPERIMENT II

Methods and Materials

Speakers. Six wnale speakers, selected on the basis of
availability, dialectal characterstics, or pitch frequency
were used in this investigation. Two of the six speakers
were judged by a listening crew to have voices of higher
than average pitch, while two were judged to have voices of
lower than average pi:iin, and t.0 were judged to have voices
of average pitch for male speakers.

Listening Crew. The listening crew was composed of eight
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males between the ages of 18 and 24. All members of the
crew had extensive experience with the Diagnostic Rhyme
Test.

Test Materials. Recordings of DRT IV were used for purposes

of this investigation. Each speaker made four recordings
of the DRT 1V test words. One recording by each speaker
was then randomly selected and assembled into one of four
six-speaker test tapes.

Test Conditions. One randomly selected six-speaker tape

was played through each of thirteen modern digital speech
communication systems and the output speech recorded. Out-
put recordings were then presented to the listening crew.

Results and Discussion

The analysis of results was addressed to the issue of the
consistency of system differences across speakers. The results
of this analysis are presented graphically in Fig. 4. In the
figure, total DRT scores. averaged for six speakers, are plotted
against the total DRT scores for individual speakers.

Two aspects of the plots are of interest. First is the
slope of the regression line for each speaker; second is the
dispersion of points about each regression line. With regard to
the first aspect, it is clear that speakers vary somewhat in terms
of absolute sensitivity to the type(s) of degradation involved.

Other things equal, speakers BV, JE and SN are somewhat more
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sensitive to system differences than speakers RD, CH and BL.
With regard to consistency of results, however, the situation
is sopewhat different. Deviations from the indicated regression
line tend to be smaller for BV, RD and CH than for the other
speakers, which results have important practical implications.
Specifically, it would appear that results for these speakers con-
form most nearly (but for scale factor differences) to the results
for the combined speakers. Under circumstances which do not
warrant or permit the use of multiple speakers, BV, RD or CH would
be the speakers of choice. With appropriate adjustments for
scale factors, data obtained from these speakers could be used to
predict the average scores that would be obtained for the entire
group of speakers. Table 10 is designed to implement this proce-
dure. Presented in the table are equivalent group averages for
individual DRT IV scores yielded by each of the six speakers.

It would appear, from the aiove results, that speaker x
system interactive effects, while rather pronounced under extreme
laboratnry conditions, may be of relatively minor consequence in
the practical testing situation -- particularly in the case of
tests performed to compare generally similar devices or systems.
1t is perhaps desirable, however, to use multiple speakers when-
ever feasible and, moreover, to select the speaker(s) used on
the basis of some such criteria as pattern deviation scores

obtained under various, representative transmission conditions.
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TABLE 10. Equivalencies Between DRT IV Total Scores for Individual
Speakers and DRT IV Total Scores as Averaged for Six

Speakers.

BV AVER RD AVZR JE AVER
100.000 97.300 100.000 98.000 100.000 97.000
95.000 93.410 95.000 92.650 95.000 92.500
90.000 89.520 90.000 87.300 90.000 88.000
85.000 85.630 85.000 81.950 85.000 83.5C0
80.000 81.740 80.000 76.600 80.000 79.009
75.000 77.850 75.000 71.250 75.000 74.500
70.000 73.960 70.000 65.900 70.000 70.000
65.0060 70.070 65.000 60.550 65.000 65.500
60.000 66.180 60.000 55.200 60.000 61.000
55.000 62.290 55.000 49.850 55.000 56.500
50.000 58.400 50.000 44.500 50.000 52.000
45.000 54.510 45.000 39.150 45.000 47.500
40.000 50.620 40.000 33.800 40.000 43.000
35.000 46.730 35.000 28.450 35.000 38.500
30.000 42.840 30.000 23.100 30.000 34.000
25.000 38.950 25.000 17.750 25.000 29.500
20.000 35.060 20.000 12.400 20.000 25.000
15.000 31.170 15.000 7,050 15.000 20.500
10.000 27.380 10.000 1.700 10.000 16.000
5.000 23.390 5.000 -3.650 5.000 11.500
.000 19.500 .000 -9.000 .000 7.000
CH AVER BL AVER SN AVER
100.000 100.600 100.000 101.600 100.000 102.790
95.000 94.600 95.000 97.015 95.000 97.290
90.000 88.600 90.000 92.430 90.000 91.790
85.000 82.600 85.000 87.845 85.000 86.290
80.000 76.600 80.000 83.260 80.000 80.790
75.000 70.600 75.000 78.675 75.000 75.290
70.000 64.600 70.000 74.090 70.000 69.790
65.000 58.600 65.000 69.505 65.000 64.290
60.000 52.600 60.000 64.920 60.000 58.790
55.000 46.600 55.000 60.335 55.000 53.290
50.000 40.600 50.000 55.750 50.000 47.790
45.000 34.600 45.000 51.165 45.000 42.290
40.000 28.600 40.000 46.580 40.000 36.790
35.000 22.600 35.000 41.995 35.000 31.290
30.000 16.600 30.000 37.410 30.000 25.790
25.000 10.600 25.000 32.825 25.000 20.290
20.000 4.600 20.000 28.240 20.000 14.790
15.000 -1.400 15.000 23.655 15.000 9.290
10.000 -7.400 10.000 19.070 10.000 3.790
5.000 -13.400 5.000 14.485 5.000 -1.710

.000 -19.400 .000 9.900 .000 -7.210
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STRUCTURE OF PHONEMIC INFORMATION
IN THE ORAL AND NASAL OUTPUTS¥*

Introduction

In 1968 S. R. Hyde reported a technique that physically
isolated the acoustic outputs of the oral and nasal cavities.'
The technique involved the separation of the two outputs by a
metal acoustic shield that was fitted to the speaker's head.
Then, while a speaker was fitted into the separation device,
the oral and nasal outputs were simultaneously recorded during
continuous speech. Hyde's results appeared in the form of the
sound spectrograms of the two outputs which he compared to each
other as well as to the spectrograms for normal speech.

The present study uses a technique similar to that described
by Hyde, but, while his interests lie primarily in the differ-
ences among the physical waveforms, the purpose here is to deter-
mine the relative contributions of the two outputs to the process
of consonant recognition. The Diagnostic Rhyme Test is employed
in the present study as a means of evaluating the perceptually
significant content of the acoustic outputs of the oral and nasal

cavities.

*The research described in this report was conducted in partial
fulfillment of the requirements for the degree of Master of Arts,
the University of Texas, 1970.
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Acoustic Shield

An acoustic shield was constructed from four sheets of acous-
tical fiberboard and two sheets of lead which were notched to fit
around the speaker's head. During the actual speech recordings
the speaker's head was situated in the center of an 8' x 8' x 1"
shield consisting of two layers of fiberboard separated by a layer
of lead. 1In addition to its acoustic insulation properties, the
lead provided the structure with enough mass to damp the natural
fiberboard resonance. Fit of the shield around the speaker's
head was sufficient to prevent significant sound leakage, but
nyt so tight as to alter nnrmal speech articulation. The fiber-
board sheets directly under the speaker's nostrils and directly
above his mouth were beveled % inch in order to minimize obstruc-
tion of the breath streams and interference with upper-labial
articulation. Finally, the shield structure was suspended from
the ceiling of a sound-proofed, anechoic chamber (12' x i2' x 12'),

A Bruel and Kjaer free-field nicrophone and a loudspeaker
were connected to a level recorder and a beat frequency oscillator
in such a way as to measure the amount of attenuation provided by
the shield across the frequency range 50 - 10,000 Hz. Figure 5
shows the attenuation characteristic of the acoustic shield that
resulted from this measurement.

Recording Procedures and Materials

Bruel and Kjaer #4131 free-field microphones, #2613 cathode
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followers, and #2604 amplifiers were connected to separate
channels of an Ampex 602.2 tape recorder. The frequency charac-
teristics of the two microphones were almost ideitical, being
essentially flat in the range 20-10 000 Hz. The separate audio
subsystems (microphone, cathode follower. amplifier) were cali-
brated by pistonphone so that they had virtually identical
frequency responses.

The microphones were suspended 10 cms. from their respective
sources at 90° incidence, but were kept close to the shield
(1 cm.), so that any speech reflecting off the surface of the
shield would arrive at the microphones approximately in phase
with non-reflected waves. Figure 6 shows & block diagram of the
equipment, shield, and chamber used to record the speech naterial.
Figures 7(a) and 7(b) show the configuration of the speaker and
acoustic shield in the anechoic chamber during recording of the
speech materials in the experimental conditions.

In the control condition, the speaker was situated in the
center of the anechoic chamber with his head held firmly by a
special restraining device and with a free-field microphone sus-
pended 10 cms. fromr his mouth at 90° incidence. Speech material
was recorded on a single channel of the Ampex tape recorder after
passing through one of the microphone/cathode follower/amplifier
sub-gystems described above.

Two randomizations of the Diagnostic Rhyme Test (DRT)
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Fig. 6. Diagram of Audio Equipment, Shield, and Chamber Used
in Recording of Speech Material.
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Fig. 7(a). Speaker and Acoustic Shield Situated in the
Anechoic Chamber.

I

Fig. 7(b). Speaker and Placement of the Nasal Microphone.
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materials were recorded under the experimental conditions (two
microphones separated by the acoustic shield) and two randomiza-
tions under the control conditions (a single microphone). The
tapes were edited and 1,000 Hz calibration tones were recorded
at the same level as the average of the vowel peaks (VU) for each
tape. Since multiple presentations of each randomization were
required in the course of the experiment, each basic randomization
was partitioned into quarters, which in turn were ordered in
various ways to guard against the effects of learning.

Listeners

Eight male University of Texas undergraduates, selected nn
the basis of consistency of performance on speech intelligibility
tests, served as subjects. All had good hearing as determined by
pure tone audiometry, and had more than 40 exposures to various
intelligibility test materials prior to their participation in
the present investigation.
Speaker

A male graduate student at the University of Texas with
previous experience as an intelligibility-test speaker provided
all recorded speech materials for this investigation. His speech
was of General American Dialect and showed no perceptible defects
or abnormalities. His intelligibility was highly typical of a
large pool of male speakers under a variety of speech transmission

conditions.
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Presentation Apparatus and Design

Two (6' x 12') double-walled I.A.C. rooms were each parti-
tioned into four listening booths. Speech recordings (DRT) were
played on an Ampex 602.2 stereo tape recorder and channeled
through a high quality, custom built audio mixer/amplifier,
where presentation condition and speech level was determined.

The amplified, and, under one condition, mixed, speech was then
low-passed at 8,000 Hz by a Krohn-Hite (48 dB/octave) filter,
and presented through TDH-39 earphones cased in Rudmose Otocups.

Throughout the experiment, speech level remained constant
at approximately 45 dB SPL for the average of the vowel peaks.
The experimental design involved four conditions, each represent-
ing a different recording mode. Two DRT's were presented under
each of the three experimental conditions: nasal output (NO),
oral output (00), electronically mixed nasal and oral outputs (EM),
and the single microphone control condition. The eight DRT's
were presented in two one-hour testing sessions (four to eaci))
in a counterbalanced arrangement.

Results

Data for the DRT are presented as ''percent correct discrim-
ination' scores. For each of the attributes (voicing, nasality,
sustention, sibilation. graveness, and compactness) used in the
DRT, attribute present, absent, mean, and bias (present - absent)

scores, as well as a ''Total DR? Score,'" are presented for each of
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the experimental corditions.

The "Total DRT Score'' may be used as a gross measure of
overall intelligibility in that it has been found to correlate
highly w!th scores of other conventional intelligibility tests,
i.e., the Fairbanks Rhyme Test .? The total DRT Score
for the NO condition (24.9) indicates that it was consi-
derably less intelligible than any of the other conditions. It
was also found that the total scores for 00 (93.8) and EM (94.9)
differed non-significantly from the control (95.1) and from each
other. Scores for each of six consonant attributes und r the
three experimertal conditions and the control condition are
presented in Tables 11 to 14,

The attribute scores for .10 are, with a few exceptions,
quite low -- many differing non-significantly from chance
(Table 11). The exceptions referred to are the mean scores for
the '"voicing' and the ''nasality" attributes. 1In addition to
those scores, the large attribute bias score for ''nasality" is
notable, i.e., nasal consonants were significantly more dis-
tinguishable in NO than were their oral counterparts.

Tables 12, 13, and 14 reveal small differences in the various
DKT scores., with the exception of a depressed attribute-present
score for ''masality'" in the 00 experimental condition (Table 2).
This decrement in the discriminabilitv of nasal consonants results

in a decreased attribute nean score and a relatively large
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negative attribute bias score for ''nasality' in the 00 condition.

Differences between the control condition and each of the
experimental conditions were evaluated by means of ''t''-tests, the
results of which are shown in Table 15. This table does not show
"t"s for the attribute-present or attribute-absent scores, since
that information can be determined from the 't''s for the mean
and bias scores (as long as the direction of the bias is known).

Table 15(a) shows the results of '"t'-tests bLetween the con-
trol and the 00 experimental condition. The mean and bias dif-
ferences for ''masality' are significant (p < .01), while all
other attributes show '"t''s less than 1.0. It appears, then, that
the oral cavity produces an output that is significantly defi-
cient in nasality information, but nevertheless retains a sub-
stantial amount of information with respect to the state of this
feature. A significant difference in bias indicates that the
information loss occasioned by removal of the nasal component
of the speech signal is an assymetrical loss. Predictably,
greatest loss occurs with respect to the positive (i.e.. nasal)
state of this feature. On the other hand, the output of the
nasal cavity presents an entirely different picture.

Table '5(b) reveals the NO condition to be substantially
inferior to the control from the standpoint of overall consonant
discriminability. The nasal output is deficient in information

with respect to all consonant attributes, as seen in the highly



(a)

(b)

(c)
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TABLE 15 Results from Analyses by ''t"-Tests Between Each
of the Three Experimental Conditions and the
Control.

Consonant "t" for "t" for
Attribute Attribute Attribute
(Present/Absent) Mean Bias
Voiced/Voiceless 47 .26
S Nasal/Oral 4.89 3.64
é Sustained/Interrupted .80 .98
L; Sibilated/Unsibilated .55 .24
J|Crave/Acute .27 .76
Compact/Diffuse .56 .71
Voiced/Voiceless 8.22 1.71
g Nasal/Oral 8.36 5.56
-é Sustained/Interrupted 14 .44 .70
§ Sibilated/Uasibilated 21.30 2.72
J|Grave/Acute 24,26 .69
Compact/Diffuse 18.52 .66
Voiced/Voiceless 1.77 .81
- Nasal/Oral 1.82 1.17
ff Sustained/Interrupted 1.99 1.20
§ Sibilated/Unsibilated .00 1.53
§|Grave/Acute 1.53 1.02
°© Compact/Diffuse .61 .84
With 7 df, P - .01 for "t'" > 3.50.
with 7 df, P - .001 for "t'" : 5.41.
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significant (p < .001) "t'"s for the mean diagnostic scores.
Moreover, the significant bias score for 'masality'' indicates
that a lco-s, albeit an assymetrical one, occurs even in the case
of the feature, nasality. The negative (i.e., non-nasal) state
of this attitude is poorly represented in the nasal signal.

Finally, Table 15(c) presents the results of ''t'-tests
between EM and control. These tests revealed no significant
differences between EM and the control in any of the attribute
scores. It will be assumed, therefore, that mixing the outputs
of the oral and nasal cavities produced a signal that was not
significantly different from the control, with respect to con-

sonant discriminability.



DISCUSSI'N

Since the Total DRT Score represents a measure of speech
intelligibility." These scores may be used as an indicator
of the relative contribution of the oral and nasal outputs
to overall speech intelligibility. The Total DRT Scores
for the NO and 00 conditions are 24.97 and 93.87 respectively.
Predictably, the output of the oral cavity makes a much greater
contribution to the speech communication process than does the
nasal output.

The 00 condition contained sufficient information, rela-
tive to the centrol, to discriminate among consonants with re-
spect to all attributes except ''nasality." Even in the case of
"masality," diccrimination of the absent state was relatively
unimpaired. The oral cavity output was, however, deficient in

perceptual information with respect to the state of the feature

"nasality.'" On the other hand, the NO condition contained little

of the information necessary for consonant discrimination on the

basis of any of the attributes usad in the DRT. In fact, only

in the case of ''masality'" was there sufficient information for

reliable discrimination (49.67%). And even in that attribute the

discrimination of orals from nasals was cnly 25.47% above chance,
while the inverse discrimination was 73.87.

Although there is some information contained in the nasal
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output for all the consonant attributes, overall speech intelli-
gibility is relatively unimpaired by its absence. 1In fact, only
in the case of the attribute ''nasality' and only for the discrim-
ination of that attribute's present state does the nasal output's
contribution to consonant discriminability become significant,
i.e., the absence of the nasal acoustic output (the 00 experi-
mental condition) results in a significant decrement only in the
discrimination of the nasal consonants (/mnn/) from their oral
cognates (/bdg/).

However, the fact that other attribute mean scores, in addi-
tion to that of 'nasality,' are significantly above cha:ice per-
formance in the NO condition (Table 16) is somewhat remarkable.
It seems unlikely, in view of the low level at which the speech
was presented to the crew of listeners, that this NO information
is simply output from the oral cavity that was not completely
attenuated by the acoustic shield. If such were the case, the
NO scores would be the result of high frequency distortion, since
the acoustic shield served, in effect, as a low-pass filter, as
indicated by the graph of Fig. 5. However, the patterns of mean
diagnostic scores and bias scores obtained under the NO condi-
tion are not characteristic of those which have been found in
cases involving low-passed speech,* nor do the patterns parallel
those that have been obtained for speech presented under low

signal-to-noise ratios.” It seems, therefore, that the attribute
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scores that differ significantly from chance in the NO condition
are not artifactual, but rather that they result from the actual
presence of perceptual discriminatory information in the output

of the nasal cavity.
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Summary

Recordings of Form IV of the
Diagnostic Rhyme Test by six male
speakers were used to evaluate the per-
formance of a sample of digital vocoders,
all operating in the neighborhood of
2400 bps. The results are compared to
those of the 1967 survey and to the case
of noise masked speech. Specific
strengths and weaknesses of the ''tvpical
vocoder' of 1972 are discussed.

Introduction

The purpose of this report is to
attempt to characterize the periormance
of present-day digital vocoders from the
standpoint of speech intelligibility.
ideally, it would serve as a sequel to a
similar report generated by the survey
conducted in conjunction with the 1967
Speech Conference®, and thus permit an
evaluation of the advances in digital
vocoder technology that have occurred
during the past five years. Regrettably,
several factors converged to preclude
such an evaluation on any reasonably
controlled basis.

The situation is complicated first
by the fact that only one of the systems
evaluated in the previous survey was
available for evaluation in the present
survey. In addition, the sample of pitch
excited, digital vocoders available for
purposes of the present survey was even
smaller than the sample used in the pre-
vious survey. Among these, moreover, one
was clearly malfunctioning to a degree
that warranted its exclusion from the
survey. Another factor which complicates,
but does not in itself preclude, compar-
isons was the use of a different, albeit
improved, version of the Diagnostic
Rhyme Test, DRT Form IV®, On the positive
side are the more refined evaluations
permitted by the current version of the
DRT, and by the use of multiple speakers,
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cre of whom served as the single speaker
used in the earlier survey.

Other things equal, DRT Form IV
tends to yield somewhat lower scores than
the DRT Form IIl1 used in the previous
survey. However, results obtained with
this form can be rather easily translated
into their Form TI1 equivalents. For
example, half of the items used in Form IV
to test the apprehensibility of the
attribute sustention involve voiced conso-
nant pairs, wnile half involve unvoiced
pairs. These proportions are different
in the case of Foim 111, where unvoiced
consonant pairs predominate. Since
susieaticn tends generally to be more
apprehensible in unvoiced pairs, DRT I1I
typically vields higher scores cn the
sustention scale than DRT IV. However,
by appropriately weighting listener
performance on voiced and unvoiced pairs,
sustention scores on one form of the DRT
can be translated into their equivalents
on the other. Similar adjustments can
also be made in the case of scores for
voicing (where friction is the condition-
ing factor), graveness (where difficulty
is conditional upon the state of voicing
and "plosion'"), and so on.

Methods and Materials

For purposes of this investigation,
six male speakers recorded four complete
sets (192 test words each) of the DRT IV
materials. These were randomly combined
into four master tapes, each of which
contained a recording from all six
speakers. These were randomly assigned
to the various entries in the survey
(which included systems other than
digital vocoders), but with the restrict-
ion that all representatives of a
definable class of systems (such as
pitch excited digital vocoders) received .
copies of the same master tape. The
output recordings from all entries were
presented in random order to a crew of



eight highly selected (for stability of
performance) and experienced listeners.
This order was reversed and all materials
ware presented a second time to the same
crew.

All test materials were presented
diotically at an SPL of approximately
72 dB. Proprietary considerations pre-
clude disclosure of the exact number and
identities of the systems involved.

Results

It may be of interest, first, to
compare the performance of the present
sample of vocoders with that of the
vocoders evaluated in the previous survey.
For this purpose, only data for the
single speaker common to the two surveys
are used. The averages of the major
diagnostic scores yielded by the present
sample were translated into their DRT III

equivalents. They are presented in
Table 17.
Table :7. Equivalent DRT III Scores

for Three Conditions

Diagncstic Scale
Na Su Si Gr

Condition Vo

Typical Dig.
Vocoder 97
1967

(DRT III)

Co Av

98 82 97 89 93 93

Typical Dig.
Vocoder 95
1972

(DRT III equiv.)

97 83 99 82 94 92

From the table, we can only conclude
that the "typical'" digital vocoder of
1672 differs negligibly from that of 1967
when evaluated on the basis of essentially
the same criteria. The average DRT total
score of the present-day sample falls one
point below that of the 1967 vocoder.
This result, however, merits only the
most qualified acceptance, in view of
degree of intervocoder variation that
characterized both samples. In both 1967
and 1972, total scores spanned a range of
over three points. The addition or exclu-
sion of a single case from either sample
could easily tilt the balance in favor of
one or the other. Fipally, some allowance
must of course be made for inadequacies
in the procadure used for converting
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DRT IV results to their DRT III equiva-
lents. Although different listener crews
were used, this factor would appear to be
of negligible consequence. When the
present crew was used to evaluate sample
tapes from the 1967 survey, differences in
total DRT scores were typically of the
order of .1 percent.

Table 18 presents the average of the
unadjusted diagnostic scores yielded by
the present sample of vocoders. For pur-
poses of comparison, corresponding scores
for the case of noise masked speech
(6 dB S/N ratio, 8 KHz passband) are also
presented. The standard errors shown in
this table are derived from mean scores
for speakers rather than listeners, since
the former constitute the more important
source of variation in test results.

Table 12, Gross DRT IV Diagnostic
Scores for the Typical Vocoder
and for Noise Masked Speech

Condition
Vocoded Noise
Speech Masked
Score X s.e.*x ¥ s.e.*k

Voicing 86 3.2 94 1.0
Nasality 96 1.5 98 0.6
Sustention 73 2.5 76 2.9
Sibilation 96 1.4 95 1.2
Graveness 77 1.9 74 2.4
Compactness 93 0.8 90 0.9
Average 89 1.2 88 0.7

*Averages for six speakers
**Based on speaker averages

From the table, it appears that the
effects of vocoding upon speech apprehen-
sibility are grossly quite similar to
those of noise, where the two conditicns
yield approximately the same overall level
of speech apprehensibility. In any case,
such differences as appear here cannot
be safely generalized to the population of
male speakers at large.

Table 12 provides a more detailed
analysis of the "typical vocoder" of 1972.

Shown in the table are averages of
the six major diagnostic scores for the
vocoders in the present sample. Variovus
components of each of these scores are
also shown. For example, the voicing



Table 19. Complete Diagnostic Scores
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for the Typical Digital Vocoder

Attribute Pos. State Neg. State
Voicing 83.5 88.8
Frictional 72.3 80.0
Nonfrictional 9.7 97.6
Nasality 94.3 96.9
Grave 91.6 95.3
Acute 97.1 98.5
Sustention 73.7 71.6
Voiced 68.6 61.0
Unvoiced 78.9 82.2
Sibilation 94.5 97.6
Voiced 90.8 97.1
Unvoiced 98.3 98.1
Graveness 73.5 79.7
Voiced 81.5 88.3
Unvoiced 65.6 71.1
Plosive 82.7 88.6
Nonplosive 64.4 70.8
Compactness 95.2 91.5
Voiced 97.6 96.1
Unvoiced 92.8 87.0
Sustained 97.7 92.8
Interrupted 92.7 90.2
B/M 95.5 94.7
B/F 9%.9 88.4

Bias S.E.B Average §=§'A
-5.3 4.93 86.1 3.18
=7.7 9.60 76.1 6.24
-2.9 1.9 96.2 1.04
-2.6 1.64 95.6 1.51
3.7 2.10 93.5 2.9
-1.4 1.66 97.8 56
2.1 2.59 72.7 2.49
7.6 6.18 64.8 4.01
-3.3 7.66 80.6 3.03
-3.1 2.00 96.1 1.38
6.4 3.56 93.9 2.08
.2 .68 98.2 .73
-6.2 6.11 76.6 1.91
~6.8 5.28 84.9 2.62
=5.5 8.76 68.3 1.58
-5.9 7.78 85.6 2.30
-6.4 5.80 67.6 3.92
3.6 1.72 93.4 .76
1.5 .60 96.8 .50
5.8 3.58 89.9 L.45
4.8 2.58 95.2 1.29
2.5 1.64 91.5 .66
.8 1.16 95.1 .66
6.4 4.00 91.6 1.39

score is broken down into two components
representing the apprehensibility,
respectively, of the positive and nega-
tive states of this attribute. It is
broken down additionally into two
components representing the gross appre-
hensibility of voicing in frictional
(including affricates) and nonfrictional
consonants respectively. Further scores
are provided for each state of voicing
in each of these two cases. Values in
the '"bias column' indicate the degree to
which listeners favored the positive
states of the various attributes. The
standard errors for bias and total scores
are in all cases based on speaker means
and thue provide indications of the
susceptibility of the various scores t-
differences ir speaker charactervistic:.
Although few of th2 trends sugvcated
by tnese results are statistically
signifi~ant, several are worthy nf rewmik,

particularly as they coincide or fail to
coincide with trends observed under other
circumstances. There is, for example. a
rather strong indication that voiczing is

" less apprehensible in frictional cornso-

nants than in nonfrictional consonants.
This trend, which also characterizes
unprocessed speech in moderate levels of
noise, was evident for all six speakers
in the present case. The inflated
standard error for the frictional case
derives in fact from the extreme degree
to which this trend was associated with
one of the speakers. The negative bias,
which appears here, is not significant,
nor is it in the case of noisy,
unprocessed speech.

The negative average bias shown in
the case of rasalitv is not sienifican:
nor is it consistent with resulcs for
other transmission conditions.



On the average, listeners in this
investigation were consistently able to
apprehend the state of sustention more
relicbly for unvoiced phonemes than
voiced. This trend was observed only for
five of the six speakers in this case,
but is generally observed in the case of
noisy speech.

Sibilation appears to be somewhat
less apprehensible in the voiced than in
the unvoiced case for the present sample
of vocoders. This trend is evident for
all six speakers and is also found in the
case of noisy speech. Results for five
of the six speakers reveal a slight
negative bias in the case of sibilation.
This bias is generally pronounced in the
case of noisy speech.

Although the results in Table 10
suggest a rather consistent negative bias
in the case of graveness, this tendency
was not associated with all six speakers.
No such bias is evident in the case of
moderately noisy speech although a pro-
nounced positive bias is found in cases
involving higher noise levels. The :
apprehensibility of graveness clearly
varies from voiced to unvoiced phonemes
and from plosive to nonplosive. These
tendencies are evident under virtually
all transmission conditions, and derive
in part from the fact that the unvoiced,
nonplosive pair, /£-8/, is involved in
four of the most difficult items of the
DRT 1IV.

No significant biases are evident
in the case of compactness, but the source
state of this attribute proves consis-
tently to be more apprehensible in voiced
than in unvoiced phonemes. In vocoded
speech, compactness appears to be equally
apprehensible in sustained and in inter-
rupted phonemes. However, it is
consistently more apprehensible in
sustained phonemes in the case of noisy
speech.

The back-middle distinction appears
slightly less difficult, on the average,
than the back-front opposition, in the
case of vocoded speech. This trend is
not evident with all speakers nor is it
found in the case of noise masked speech.

it has often been observed that
intelligibility test scores depend signif-
icantly on the characteristics of the
speaker involved and some degree of
speaker dependence was evident in the
presenc case. Table 30 presents average
diagnostic scores for each of six speakere«
used in this investigation. In the table,.
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the speakers are ordered with respect to
average pitch frequency. Some correlation
between pitch frequency and various DRT
scores is evident and. although the
present sample is insufficient for
purposes of generalization, we have
consistently observed this trend with
larger samples of speakers. Other things
equal, low-pitched speakers yield higher
DRT scores than high-pitched speakers

on pitch excited vocoder systems.
Although this tendency is evident to

some degree in several diagnostic
dimensions, it is most pronounced in the
case of voicing. Here, moreover, there
are pronouncec speaker differences in
characterisric bias. Low-pitched speakers
tend to induce a positive bias in the
case of voicing while high-pitched
speakers are consistently associated
with negative biases. Although there
were minor differences in the ordering
of speaker averages from one system to
the next, in no case did a score for a
high-pitched speaker exceed that of a
low-pitched speaker.

Table 20. Diagnostic Scores for Six
Speakers (Average for
all Vocoders)

Diagnostic Score

Speaker Vo Na Su Si Gr Co Av
CH(LP) 93 98 76 98 81 93 90
BV(LP) 93 97 72 95 81 96 90
RD(IP) 92 97 80 98 75 94 90
BL(IP) 74 95 69 99 78 G4 85
JE(HP) 82 88 63 97 78 93 83
SN(HP) 83 98 76 90 68 90 84

The range of speaker averages for
individual systems varied between six
and nine percentage points and it is
conceivable that some such indicant of
system versatility could prove to be of
value as a supplementary criterion of
system performance. Further research on
this issue is needed, however.



Conclusions

In conclusion, the typical digital
vocoder of 1972 appears grossly to affect
speech apprehension in much the same way
as band-limited Gaussian noise. As in
1967, voicing, sustention and graveness
constitute the phonemic dimensions in
which the greatest opportunities for
improvement exist. It is evident that
the present-day vocoder does not do all
thinga equally well when operating in
the voiced and unvoiced modes. In
general, it would seem to preserve
information as to type of articulation
most effectively in the unvoiced state;
place of articulation most effectively
in the voiced state. It is also evident
that present-day vocoders do not perform
equally well for all speakers. Low-
pitched speakers tend to yield higher
scores than high-pitched speakers and
other speaker factors will undoubtedly
emerge from the results of further
research on this issue.
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SUMMARY OF ACTIVITIES

Summarized here are the major accomplishments of the
Psychometrics Department, Environment and Physical Sciences

Division of TRACOR, Inc., under Contract No. F 19628-70-C-0182.

Publications

Voiers, William D. and Smith, Caldwell P., Diagnostic
Evaluation of Intelligibility of Present-Day Digital
Vocoders, AFCRL-72-0120, 22 Febrvary, 1972, Special

Reports. No. 131, 170-175 (IEEE Cat. No /72) CHO 596-7 AE.

Presentations

Voiers, William D., Current Status of the Diagnostic
Rhyme Test., 8lst Meeting, Acoustical Society of America,

Washington, D. C., April 1971.

Sharpley, Alan D., Structure of Phonemic Information in
the Nasal Qutput, 8lst Meeting, Acoustical Society of

America, Washington, D. C., April 1971.

Voiers, William D., and Smith, Caldwell P., Diagnostic
Evaluation of Intelligibility of Present-Day Digital
Vocoders, 1972 Conference on Speech Communication and
Processing, Cambridge, Mass., April 1972.

9
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Meetings Attended

80th Meeting of the Acoustical Society of America,
Houston, Texas, November, 1970 -- W. D. Voiers, A. D.

Sharpley, C. J. Hehmsoth.

81st Meeting of the Acoustical Society of America,
Washington, D. C., April, 1971 -- W. D. Voiers and A. D.

Sharpley.

1972 Conference on Speech Communication and Processing,

Cambridge, Mass., April, 1972 -- W. D. Voiers.

Technical Personnel

Dr. William D. Voiers, Director, Psychometrics Department:

Program Manager and Principal Investigator.

Mr. Alan D. Sharpley, Engineer Scientist, Psychometrics

Department: Project Engineer.

Mr. Carl J. Hehmsoth, Engineer Scientist, Psychometrics

Department.

Research Activities

Approximately half of the effort devoted to this project
was directed to the end of developing and validating improved
methods of evaluating speech communication systems from the

standpoint of intelligibility. This effort culminated with
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the development and validation of the Diagnostic Rhyme Test
Form IV (DRT-IV). It also occasioned research on a diversity
of subjects in the area of speech perception, and several of
the projects undertaken yielded results of general practical
and theoretical interest.

In addition to the design and validation of DRT IV itself
were studies of individual differences in speech perception,
studies of speaker differences, a study of the information
content of the nasal output, and a comparative evaluation of
present-day speech communication and processing devices, as

reported in Chapters 1-5.

Testing Services

Pursuant to the provisions of the contract, a series of
Diagnostic Rhyme Tests were performed on tapes of experimentally
processed speech materials supplied by the contract monitor.
These included among others output tapes from the various speech
communication and processing systems submitted for evaluation
in conjunction with the 1972 Conference on Speech Communication
and Processing held at Newton, Mass., under the joint sponsor-
ship of the Air Force Cambridge Research Laboratories -nd the

Institute of Electrical and Electronics Engineers, Inc.

Software Development

Analysis data yielded by the investigative phases of the
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program necessitated the development of a series of successively
referred computer scoring programs for use with the Diagnostic
Rhyme Test. Such programs make feasible a variety of scoring
refinements in the routine use of the DRT for purposes of system
evaluation. Programs developed for use in this project were
also modified to permit their use with computer systems other
than those available at TRACOR. Appendix II contains the basic

DRT IV scoring program and a sample printout.

Tape Recordings

The investigations performed under the contract necessitated
the assembly of an extensive library of recorded speech mater-
ials. This library included recordings of DRT III-A materials
and samples of continuous speech for 80 male speakers. These
served, among other things, the purposes of research which led to
the development of Form IV of the DRT. Recordings of DRT IV
materials were also made by a number of speakers. These were
used for purposes of research and testing during the later stages
of the project. They also provided the basic test materials used
in the survey of speech processing and communication systems con-
ducted in conjunction with the 1972 Conference on Speech Communi-
cation and Processing. All master recordings were delivered to

the contract monitor.



APPENDIX I

FORTRAN MAIN ROUTINE AND SUBROUTINE LISTINGS
FOR DRT IV COMPUTER SCORING PROGRAM
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FORTRAN Main Routine and Subr :.tine Listings

for DRT IV Computer Scoring Program

ie
2s .

de
4o
Se
bs
Te
8e
%e
10e
Ile
120
13e
19
I15e
lée
17
18e
19
20e
2le
22e
23e
24%e
25e
260
27 e
28
2%e
30e
Jle
32e
33
J4e
35e
db6e
37e
)Be
3%
4O,
4le
42e
4de
Y4
45e
qbe
470
48¢
4%9e
50e
Sle
H2e
Sle
SHe
55e
56
57
Sbe

703
001

120
12)

122
123

125

126
127

850 .

102

103
107

Joo
9052

am

MAIN ROUTINE

INTEGER CODE

CUMMON/ALL /COCDE(LIS0) ,SELI2D) ,HO NL yNA NV JTTEST yNDL {NASCOK , JPUNCH
L eNRyJAVE 4 1B1G,JSPR,JOP(10),1SAVE(200)NATE(20)

CUMMON /MF/ LABLEL[3),1TST
COMMON/MCE/KEY(200,4) o JIA KSLVE(150) NAME(10D42) o 1ANXX(20,4),15PK
lEY(iI0)
COMMON/ITH/KSPLU11429424242)4INRD(112,3),LOBLE(9:6)41TOM(112,4),1xS
10012,2C),1TIHCL112,4),1RSBL112,20)
COMMON/FEG/NNLONNQ G IKEY(10) 4LBLIIC) JLKEY(12412412),LCNFL15,6)
COMMON /FHN/ [TEXT (13G,6)

NLKEY= |2

DO 703 J=1,6

READ 970! (ITEXTILJ)el=],78)

FORMAT (13A6)

READ 120, ((INRD(T J) Jml 3),1=),112)

FORMAT (4(3a6,2X))

READ 121 4(lLOBLE( I qu)odm] 6),lx],9)

FORMAT(6A6,49X6A8)

00 122 I1=),1)

READ 123, ((t(KSPLUT UK L M) J=],2)4Kkm] 2} ,Mu] 2)4Lm|,2)
FORMAT (2x,814,49%+814)

READ 1254(IKEY(Jd)sJm],5)

FORMAT(6(UL2,12))

DO 126 I=2 ,NLKEY

lis|=]

READ 127, 0ILKEY (I susK)oKm) 1) su=l,I1)

FORMAT(4012)

READ 121,(LBL(I}sl=],6)

READ B850 LILCNF UL yu)pJd=] 46)91=],15)

FORPMAT(6AL,4X,6A8)

READ |£94 NKEY MA,ily NASCOR JSAG 4 JSAT7,NDL

J2PAGE=0

DO 101 1= ,NKEY

READ 110s Ny(EKEYINJ)2Jd=1,4)

READ J13,(ISPKEY (1) 1=1,9)

00 102 1=5,20

READ 108, (TANKX(TI J)edm] 4)

DU 103 I=],20

READ 11y No(KANME(N,J) yJ=],2)

READ 107 NTEST $HQ L yJPUNCH , JAVE yHXPAGE yLULTST ylolesdlAtakey,
INKLIS s JSPKJJTFEST 4 (10P (1 )s]m1,10)

IFIJAVECEQ.C) JAVE=®]

1xIPs0

IFINTEST«LT.0) IXZPm2

IFIMODIJAVE 4 JSFK) «~E40) GO TO 300

GO 70 301

PRINT 90592

FORMAT (10x,*ee¢ee THE NUMRER OF SPEAKFRS AND TESTS ARE [NCOMPATB
ILE ®eeaer)

60 To 107

CUNT I NUE

HLL®NL

L P

MLAVE JAYE

HLSPe Pk

IF (NQG.FGQ,0) 60 TO J07

HFRINT S04y

FORMAT(®] TS S aLS RAT? wmAVF FPaLk LBL? BGIU 1Ttm3



5%
60e
sle
bde
43
c&%e
65e
bbe
e7e
bbe
6%e
70e
7le
72¢
73e
7%
75e
Tée
77e
T8e
7%
80e
8le
82e

B8le

8%e

85

86e

87e

Bbe

8%e

90e

9le

92

93e

94e

95

Y6e

97e

98e

9%e
100e
101e
102
103«
104
105
106
107«
108e
10%e
110e
I1lle
112e
113e
114
I15e
llée
117
118«
11%e
120e
121e
122
123
124e
125
12¢&e
127
128e
129
130
131le
ilde
13)3e
139
135e
1360
137«
138e
139
140e

IKY? aL5? SFa? T1S87? SPLT OPTLSY)

PHINT FOS04NTEST qNYohif s JPULCHo JAVE o NEPAGE JLELTST o IBIGsUlA,NRKEY,

INALLS yuSPR yJTILST L (10PIL) g1my4100)
9050 POURMAT (1316 ,4x,1011) 100
JLPAGE=D
IF INRPAGE) 11%sllb,lle
Ils J2PAGEs]
NAPAGES I ABS (NXPAGE)
R Y3 CONTINUE
JAIPAGL=C
IFI(NXPAGE.LT.I00) GO TO 117
JZPAGE®=]
JIPAGES]
NAPAGE=NXPAGE=-100
117 CONTINUE
NTEST=m[ABS(NYEST)
NRaQ
IF (JPUNCHaGTSC) NEmg
IxRA=ISUB(2HAA)
IFINRKEYLEQ.D) GO TO 222
221 READ 9760,11S,!TOHE KOP
ISAVE(11S)=]708E
IF(KOP.EQ.D) GO TG 221
90460 FORMAT (]4,2X,1%:065X,15)
222 CONTINHUE s
IF (INXLIS.NEL.O) 1XARASISUR(2HEX)
IF(JSPXeEQ.C) GN TO 234
JSPK=1ABS(JSPK)
DO 231 K2Z=],y5PK *
231 READ 232 ,L NATE(L) ,(HAME (L ,LL) LL=1,2)
232 FORMAT(IN,2X,A2:2X,2R6)
234 CONTINUE
IF (JAVEGEQ.D) JAVEs]
DO 105 J=1,13
108 LABLE(J)=gH
IF (LBLTST.EQel) READ 112, (LABLE(J) Jd=1,1])
DO 106 ITST=j NTEST
NLaMLL
N@sMLG
JAVEsMLAYV
JSPKsMLSP
LBLI3)=6HFRCT o
LBLI4)SeHGHAY < &
CALL ITTIAL
NNQuNQ
NNL®NL
IFLJSPXeNED) “NL=JSPK .
IF (LBLTSTeEQe2) READ 112+ (LABLE(J)J=],413)
IXRA=s[SUB (2HBX)
CALL RATING (1)
CALL CHECK
DO o6 LXZP=} ,IAZP
CALL STOPC
PO 115 NPAG=] N’ SE
IFUJ2PAGECEGQe] ) CALL FINII
IFLJIPAGELEQ.D) CALL FINIS
115 CONT INUE
CALL ERROR
IF(IBIGeGT40) CALL BIGID
1IF(JIA«GT.0) CALL {[THANL
IF(JIALLT.2) 6O TO }1:9
0o 118 I=;,1)12
DU ICI1E J=144
1018 ITOMC I «JISITIM(]ed)
00 1017 J=1,20
1019 1xSU1,J)={XxSB(1,:J])
118 CONTINYE
CALL [ITHANL
119 CONTINUE
IFLJPUNCHLEG2) CALL PUNCH
IF (JTTEST.GT.0) CALL TTST
106 CONTINUE

GO TOo 104
107 CUNT INUE
C
108 FORMAT 1102,012:5X¢010:5Xsn10+5X+010)
109 FURMAT (1374 ,182,1711)

110 FUPMAT 1200240200 0457¢210452401C455401C)
111 FORMAT (1%,2x,388)
112 FOWRMAT (1346)
113 FURMAT(1GIC6,1x))
EnD



le
le
de
Yo
S5e
X}
Te
de
e
10e

12¢
13e
14
15e
i1ée
17
18e
19
20e
21e
220
23e
29%e
250
260
27e
28e
2%
30
Jle
32e
33e
34¢
35e
Jée
37
e
3%
40e
41
82e
43¢
440

450
Yoo
47e
48e

le
20
e
Yo
Se
beo
Te
Be
Ye
106
1le

ie
2e
Je
Yo
S5e
'Y}
Te
Be
e
10e

16

1l

12

15

eGouU

101

SU4RQOUTINE B16G1U
COMMONZALL/CODE1155) ¢SELI20) (NQoNL oNa gNYSJTTEST ot0L ¢ VASCOR UPLivi 1
1 ¢NK .JA#E.IE‘JG.JSPI.IOPHDJ.lslvilzﬂﬂl 'MATEL20)
COMMONZERR/NSUAIZ0 I o ILI22,7) 4 IX12047),1B8€2C+2)4170(20,2)
Loluwt20,15001 4. 7E™1112)
COMMON/ITH/KSPLIL1020202,2)10INRDU112,3),LOBLE(R,6),31TOMI])2,4),12S
12,20

DIMENSION 1816(15),.1816P(115),81G(15)

DY 2 K=1,15

IBIGIKI=ITER(])

181GP(n )=

DO 1| 1=2,)112

IF(IBIGIK)oGTLITEMII)) GO TU |}

1BlGIRI=]TEN(])

101GP(r;m]

CONTINYE

JulRGP(K)

ITEM(J)I=D

CONTINVE

TOTSNQeNLe JAVE

IFLJSPKeNECD) TOTENQeJAVE® JSPK

DO 3 K= ,}i5

IstB81GP(K)

ITENL])=IBIGIK)

Bloik)®((TOT=22]BIGI(K))/TOT)Iel00.0

PRINT 10

FURMATIIH] ,9X ,56HFGR THE PURPOSES OF FURTHER RESEARCH DESIGNED Ty
1IMPROVE +/412X,60HYGUR SYSTEM UR DEVICE, YOU wiLt FIND IT ADVaNTAGE
20US TO GIVE./+12X,73MSPECIAL ATTENTICN TO THE DISTINGUISHaBI_|TY U©
YF THE FOLLOWING WORD PAIRS.e )

PRINT 16

FORMAT (16X,10HWORD PAIRS 417X ,4HPIC) 7/}

DO 1]l f=1,10

JulBIGP(])

PRINT 12,0INRD(JoK) oK=],3),BlG(1)

IF(BIG(11.GT.99.99999%) GO To 20

CONTINUE

CUNT INVE

FORMAT (16X93R6,4%X,F10el,7)

PRINT |5

FORMAT (/,10x,%®e THE CONTRASTS: FaAD=THAD, FIn=THINFOUOHT=TLLUG
IHT ,* o/ 012X,°VON=BON, VOXegOX, vEE-BPEE, VILL=BILL, VAULT=FAULT ¢
24/, 12x, SSHaRE GENERALLY AMOUAG THE MDST 1
SFFICULT TO DISTINGUISHe/ 412X ,74yMTHE I PRESENCE UN TrmE FOREGDIANG LI
7ST DOES MOT, JHEREFORE, REFLECT UNIQUELY/+12X,46NUPON THEL PEwFOUKM
9ANCE OF YOUR SYSTEM OR DEVICE. )

RETURN

END

FUNCTION [POP (1,4J)
Jisy

JE=JX+23

JAsJx=28

IF (JXeGTe2B6) 0 TO |
JEsJX=]

IXe]
IRSLSHIFT(IXR,,=gx)
[POP=A .D(IX,1)
RETURN

END

SUBRQUTINE FOOTNT (N)

common /Fry; ITEXRT (130,6)

GO T0O (10901209413 9:901)0N
IFINGEWeS) J=o

IFINGLTe7) usbH

IFUINGLT &) Jmp

PRINT 9CCO.(ITEXTIL,J)eLml,78)
PURMAT (20Xx,13488)

RLTURN

END



1e
20
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10e
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12¢
1de
1 %e
1Se
lée
17e
18e
19¢
20e
21e
22
23e
24
25e¢
260
27
28e
29e
30e
3le
J2e
3le
J4e
35e
Jée
37e
Jée
3%
40e
4le
420
4de
44
45e
“be
q47e
48e
4%e
50e
Sle
S2e
Sle
SHe
S5
Sée
57e
S8e
5%
60e
ble
620
6)e
b4
850
bbe
&Te

76

102

SUBRQUTINE CHECK

INTEGE~ CODE

COMMON/ALL /CODE(LSC) SEL(2N) NQ (NL 4NA NV qJTTEST (NDL (NASCOR , JPUNLH
LoNRPJAVE 9 1BJGeJSPRGIDP (LI (1SANVELZ20D ) e NATE(2D)
COMMON ZEAR/ HSURI20) e ILXAPI2D,7) o JLXAAL2U7 ) o JLAAi2007) 0L xATL20
Joe7)olLakl2Ce)50) i 1ENIL12)415PLTIIC2De2e401LAVI20,:8)
24 14RS(150)

COMMON/MCE/KEY (200+4) s J 1A KSAVE(IS0) NAME(1D042) ¢ IANAXI20,4),1SPK
lEviio)

COMMDN /MF/ LABLE(13),ITST
COMMON/ZITH/KSPLIL) 23242420 oINRDI112 ,3),LOBLE(946)ITOHI112,4),1x5
U0132,20)4 0TI 1112,4)412S8(]112420)

DIMENSICON 1DATAL112)

Ja=0

DO & LL=]  NL

DU 1 K=l.9

DO 1 NF=],2

DO 1 NZ7=1,2

ISPLTIKsLLLNP,NZ )20

PO 2 K=l Na

ILXAP(LL K )=D

TLxAA(LLK )=

DG 30 x=]1,.8

ILAVILLX)=D

D0 3 x=1,15p

1«4RS(x)=0

CODE (K ) =4k

ILxut(LL+X)=D

CONTINUE

DO S I=1.4

DO 5 U= ,.4

TANXX(1eJd)=D

DO & J=1,112

ITEM(J1=C

CONT INUE

InCe)

lva=g

GO T0 &

INCe=)

Ive=2

CONT INUVE

DO 23 «Y=) qJAVNE

IF (JPUNCHeNESDO) CALL KRATING (]V)

DO 23 xQ=] ,NQ

DO 22 LL=],NL

DD 22 MJL=1,2

READ 264 KODE,ILoIPAGE JNKEY L (IDATALY)9dm]456)41ANS,ISHEET
1ANS=[ANLSs ]

ISHEET= ISHEET= | RA«]

JANSe (([ANS®4)=d o ( (ISHEET=1)72)

IF(ISAVEINKEY )eNEeD) NKEYS[SAVE(NKEY)

1G=MOD (NKEY ¢4NW)

IF(1Q,CReD) 14=NQ

CORE(KY)=KODE

IFLJSPRetLkeD) Jam{KYONQ=NQ)+1Q

IFLJSPr) 76477,76

ILs=qL

ILassusLIL)

NSUBtILX)=]L

ILeiLx

JJ=0

IF (MODUISHEED 42)erGe0) JumSe

DO 22 nu=},8

HHaN

IF (MDTCISHEET y2)eEQaD) hHaN+B

DO 22 «<=] ,NnA

Ju((Ne A )atid ek



bde LITEM= *Jy

69%e KLINKs ([ ITEMe27.002/2840

7U0e IF CIPOPLIANIX(LANS JKLINS ) (J)ekQel) JUATA(J)=3=|DATA(J)
7le G0 To (16,9),IPaGE 103
72e 9 IDATA(U)=3=10ATALY)

73e v IF (1DATALJY)=(IPOPIKEYINKLY RKLINK)J)*1)) 19422411
T4e 11 ILEAPLJLoK)SILXAP| LK) ]NC

75e LU®rMOpl 1Q@,.1Q)

Tée IFILUeENe0) LQ=NQ

77« ITIM(JeJJLQISITIM(JodJeLl Q)+ NC

78e 1ASB(JsJJ, IL)Im[XSB(JeJUslLDI*INC

79e lJd=|]

80e 12 GO TO (12.13403013,18:415417),K

8le 13 LaJPOP(] PKEYI(K) hH)e]

82e ISPLTU(K s ILsLolJ)=|SPLTIKgILeLelJI*INC

8le G0 To 18

84e 1% Lo |POP(ISPKEYIK) yNK) 1]

85¢ ISPLYU(K gIL 4L, 1J)m[SPLT(K IL,LolJ)+INC

fée KK=Ke ]

87e L= lPOP(ISPKEY{KK) yNH)*)

88e ISPLTU(KK yIL oL olJ)=ISPLTIKKgIL sl olJ)*NC

4% G0 To 18

90e 15 KK=é i

9le le KKmKKe |

92 LalPOPULISPKEY(KK) sivh)*])

93e ISPLT(RK [LoLolJ)mISPLTIKK,IL4LelJd)aNC

94 IF (KKeLT.9) GO TO 16&

95e 60 To 18

Ybe 17 CONTInNUE

97e 18 IF (NASCOR=X) 21,2C,20

98e 19 ILXAA(ILK)SILXAALIL K)®]INC

99e LQ=MODI1Q@,NQ)
100e IFILQ.EQeD) L@=NQ
101e ITIMIJ+SJd LQ)a[TIMIJeJJLQ)=]NC
1D2e IXSBUU*JJ 1L )= ASB(J+JdJeIL )= N
103 1d=2 .
104 60 To 12 : 3
105e 20 ILXQUIL21Q)=ILXQUIL,IQ)*NC
106e JTA=MON(J,8)
107 IFLJTXEQ.D) JUTX=y
108e ILXVIIL s JTX)m[LAVIILJTX)+ N
109« IF(JIACEQ.D0) GO TO 21
110e INK= NG

llle Le=MODItLG,NQ)

112 IFILQeEQeT) LG=NhQ

1130 ITOMEU+JJI LRI =1 TOM(Jeda,LQ )+ NK

114 1XSUJ+JJdsll)m[XStJedd,sll) e NK

115 21 ITEA(JU+JJ)I=ITEMIJ*JU)+INC
1]lée IGRS(KY)=[QRS(KY )+ |NC
117e 22 CONTINUE
l1B8e 23 CONTINUE
119 IF l|JlTEST.GT.DI.AND.IINC.EG.l'l GO To 7

120e D0 25 1=1,NL &
121e DO 24 J=) ,NaA
1220 ILXATUI W) ILXAP(L 4U)+iLXAA(] 4u)
123e 24 ILXAB (1, )=ILXAP (] J)=ILXAA(] 9)
1249 D0 25 u=1,9
125 00 25 nPe},2
126e IsPLT(J.l.uP.Jl-lsPLTlJ.l.uP.l)-:SPLTGJ.I.nP.ZD
127« ISPLT(J.I.NP.‘H-ISPLHJ.I.NP.IHISPLT(J.l.NP.Zl
128e 25 COMTHLE
129 RETURN
130e 26 FORMAT (R44I241141202X42B10141K,2811,410X,11,R])
131 END

le SUBROUTINLE ITTIAL

2e COMMON/ITH/KSPLU L 142020242) 0 INRDU12,3)4LURLE(9,6),1TOME 12,440,128
3e 1t112,27)

Yo DO 10 1=1,112

Se cu 5 y=l,2C

de Y last],J)=0

e Due Jm |4

He & 1TOMI1 J)=(

Ye 10 CONTINUE

10e RETURN

lle Eru



le
2e
Je
Yo
S5e
be
Te
@e
Ve
10e
lle
j1de
13e
1%
§1Se
lée
i17e
18e
19e
20e
21e
22e
23e
24e
25e
26
27
28e
2%e
30e
3le
e
dde
Jae
35e
Jbe
37
J8e
3%
40e
Hle
42e
4)e
440
45e
4ée
47e
48e
49e
50e
Sle
Sde
Sle
SWe
S5e
Sée
57e
Sbe
5%e
60e
éle
bde
ble
6%e
é5e¢
bbe
6T
slbe

a9
37

e
333

104

SUBKQUYINE ERROR

INTEGE~ CODE

COMMON/ALL /CODE (1500 ¢SEL (201 KA NL A NV JTTEST NDL {NASCUR , JPUNCH
LoNRoJAVE 4 18:iG,JSPK,IOP(L1I0) ,1SAVE(200) ¢NATL(20)

COMHMON ZERR/ NSUBIL20) e lLXAPI20, 7)< lLXAA(20e7) 4L XABI20,7),ILXATL20
107)s1L25(206150) o178 (112)1SPLTI1D¢20,2+4291LXV(2048)
2¢10HS(150)

CUMMON/MCE/KEY (200 44) o JIAGKSAVE(150) NAME(100+2) o JANXX(2044),15PK
JIEY(LIC)

DIMENSICN OE(20e150041T10150),172(150),CHTIL20),PCHI20)

NUENKLQ

K2sbn TEST

(&L T 1]

1FLJAVE«GTs]l) KIS6HS

KiséW wHOLE

IFINQL,EQe2) K|méH HALF

MAOZmsMLISTEN

N#OZep~ERS ON

1FLJSPK) 48,49,48

HalZash 5P AKE

NaUZsgnRS ON

PRINT 41 ML MHOZ (NADZ qJAVE K] ¢K24K3

,01-01

RAXSNASCOR

QAXSNQeJAVE

JF(JSPKeNEL D) QRKBNQOISPKe (JAVE/NL)

TARBjbe®LXXeRRX

TOT=p.0

DO 6 [=l,112

1F (MODI1,7),£Qe0) GO YD &

TOT=t0T*1TEM(])

CONT INJE

YesNASCORe 4,

IF(JSPKeNECD) YmYe SPk

NusNXQeJAVE

It (JSPKeNELD) n@mnXQ

DF=HQ=-|

DD 7 1=1,.na

1T2(1)=0

DO 8 Jm)l4nL

IB=KSUMLILXQoNGe=JNDL)

CHHJ):D-Q

FIsKSUMIILXG NGo=J4NDL)

EslYe]]l)/(NQey)

DO 8 =], N9

1T20 118 1T2()+ILXQ(J, 1)

1CoKSUMIILXQ,NLsIoNDL)

OEIJ 1) =ILXQIJyI)=(IC®1B/TOT)

CHILIECHI LU (LUILXQ Ul ) =E)0a2)/Ed-((LILXQIJ,1)~E)®@02)/(Y=E])

PCHILJI®SGNF (CHI(J) ,=DF)

PRINT 25,1CODE(I)o1QRS(1),13] 4JAVE)

DO 13 I=],NL

QRASKSUMIILXG,NQy=T] (NDL)

KAA® (TAX=20QXA)/TXX

IF (JTTEST«GT.0) RXK=QXX/TXX

Ratapa, o100

K=NSys (1)

IFINQeLE«2) GO TO 237

PRINT 39 NSUB (1)t AME(K L),Lm),2)RXX,SEL(T),CHICT) PCHILT),
FOILRQUB o) 4Jm) o4 DG UOE(T yJ)edm] Y )

FORMAT (1402864 3F5:1,R592X34149,231 4Fb641)

GO 10 3333

PRINT 38,NSUBU1) o (NAMEIK JL) oL #]42) yRXK,SEL(L),CHI(T)4PCHLLT),
LUILRAQELod) o dm 4,204 (0E1]od)gdm] 2)

FORMAT (14 o2A643F5al ¢RS5¢2X¢214,10X42F80l)

CONT INUE

IFtNQeLEe4) GO TO 13

DO 813 Loy NO,y



6%e
70e
721e
72¢
72e
L 7%
76e
760
77
700
7%
80
Sle
82e
8de
8%
85e
B8ée
8%e
88
8%
90
Ple
92e
e

940

?5¢

LI}

97

98¢

9%
100
101
1020
103e
104
105«
106e
107e
108e
10%
110e
ille
112
113e
114e
115e¢
libe
117
118,
119
1206
121e
122«
123
124,
125
1260
127«
128,
129
130e
131e

Ye
Se
bo
Te
[ 1]
P
10¢
Ile
12
13e
1%
15e
16

a1l
40

Jdam

33y
1)

14

3338

16

17

23
24

25
4|
26
27
28
29

3o
3l
32
3
34
35

3é

~N eV EUWN~-

Ksi*)
IF(K.GT

PHRINT 40, CILRQ()sddodobl oK) (0ELNod) guml k)

oNQ) 60 TO 3334

FORMAT (JBXs414,2R,4F601)
40 70 13
KesiLe)

PRINY 3337,00LANE] J)od®L k) l0E(LoJd)sJml, k)

FORPMAT

138X6219110442F0e1)

CONTINLE
00 14 u=] ,NQ
171010
DO 14 Is],nNL

IT1tJ)s

ILxetldleltitd)

CONT INUE
PRINT 3338,(1T1(J)eJm),NQ)

FORMAT
N@sNXQ

(38x.414)

PRINT 29
D0 16 I®1,NL

ITLC])oKSUMCILXAP 4NASCOR 3= NGL)
17201 )=KSyM(ILXAAGRASCOR 4= NDL)

105

PRINT 30, NSuu(l).(iLllP!i.JloJll.NI].lTl(l’-llLllA(l.J!.J-l.NAI,I

1T2(1)

PO 17 um],NA
ITIUJ)ISKSUMLILXAP oNL s JoNDL)
IT20J)sKSUMIILXAA L oJ,NDL)

IlsKSU™
12sKSU™
PRINT 2

ITIU])sKSUMLILAABNASCOR =] (NDL)
1T20 1 )eKSUMIJLXAT NASCOR = 4NDL)

C1T1,NASCOR,1,1)
CIT2,NASCOR,1,41)

lo CITIUJ)oumioNAD o118 T20JDsJdm]yNAD,12
PRINT 27
DO 1a I=1,NL

PRINY 30, NSUB(I) o CILRABITL J) s ® 1 oNAYoITILTI) o CILXAT(] o) quml NAD, I

1T2¢1)

DO |19 Jm]  NA
1T10J)®KSUMT ILXAB NL ¢JoNDL)
1T20J)=KSUMLILXAT yNL o JyNOL)

l1i=KSu™
12=KSy~

CIT1eNASCOR, 141}
(17124NASCOR,1,4i)

PRINT 31, (ITI(J)usiNA),I1,(1T20J) J=]1,NAD, 12
PRINT 35

D0 24 ®)],7

PRINT 36, (ITEMIJ) yusl,e112,7)

RETURN

FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT

2T SietL
FORMAY
FORMAT
FORMaAY
FORMAT
FORMAT
FORMaAY

FORMAT
END

FUNCTION KSunm

(1S11002X R4, IHm,[4)/))

CIH1 410X 4 *SCORES FOR % ,12+1%42A641X,13,306)
(10X ,26HAUARTERS OBSERVED=EXPECTED)

(2IX,1ZHATTRIBUTE BIAS
(14,25F540)

+34X  16MATTRIBUTE TOTAL )

(IIX,IHHERRQRS FOR LISTENERS BY ATTRIBUTES/234,17HATTRIBUTE
I PRESENT 349X 16HATTHRIBUTE ABSENT/ZIX . 4H(L®) ,2(4X+47HVOIC
GRAV COMP EXPL TOTAL,I1X))

(2H (o1202H) 22t816,4%))

(6M TOTAL,2(016,4X))

(1HO+372,284ERRORS FOR QUARTERS BY ITEMS)
(7THOITEM W 3R 140 HE,13,1H)o1x))

(Bxel4l16)

NASL

SuUS

t1H0, 34X ,20MERRORS FOR EACH ITEM/IOX,10HITEHMS 1=28,10X,10K1]
ITENS 25=56,108¢11HITEMS 57=54,10X4]2HITEMS 85=112)

CIH o5Xa4(4]4,5K))

DIMENSION KKK(ND,1)

KSUM=Q

K=[ABS(NRC)
N® [ABS(NN)

IF (NN

1s2

10502

IF INKC) 6,5,3
D0 4 ys=|l N

KSuMaks

RLTURN

UMeKKkK( Koo

DO 7 Jmi,N
KSUMsKSUMeKKK (K gJ)00]

RETURN
Eno

‘K‘K.NNp".‘.“D,
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8e
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10e
ile
12e
13e
149
15¢
16e
17
18e
19e
20e
2le
22

23’

2%e
25e
260
27
28e
290
30
3le
J2e
3de
A4e
3Se
lbe
37«
38e
39
40e
Yle
42e
4o
44e
4S5e
LT Y]
47e
48e
49e
SUe
Sle
S52e
5J3e
S4e
55e
56
37e
Sde
§9%e
60
ble
b2e
6le
d4e
6Se
bbe
e7e
b8
&9
70e
Tle
72e
73
T4e
75e

41

42

43

SUsKOUTING Fingl 106
InTRGEN CUDE
CUnMOnN/ZALL/COLELISC) SELI20) ,NQyNL 4N& NV JTTEST ¢NDL ,NASCOR JPUNCH
LeNRyUAVE s IBIGJSPK,10P(170),1SAVE(200) NATE(20)

COMMON /MF/ LABLE(]3) ,ITST NAAMEC20) ,LIISTI20) 4uPQxR

COMMON /SCOREZ PAP(7),SAP(7),PARLT7) SAA(T) ,PABI7)4SAB(T)PAT(7),54
ITE7),P(8),5vIie) PTOT  STOT ,RATE(10) ,SERATE(IU) 4SPO(I0, 2,4),4SP021(
21042,4)

IFCLABLEC]13) b 2e0) LARLE(]I)BpH

IF(LABLE(]12)0t9We0) LABLE(]2)mgN

IF(JAVEeNEel) LABLEL]12)m6HMULT]

PRINT J0(LABLE(J) yum2,4),(CODELT)sIm],NQsH)
MELOWw®aAND(77778,LASLE(L]))

MEOW2sAND(7777B4LSHIFT(LABLE(L1),=12) )
MECOWISANDIT7777B4LSHIFTILABLELLL) s=24%) )

PRINT So(LABLE(J) 4JUm7,10) ,MEON) MEON2 ,MEOS] 4LABLE(12)

PRINT 5

PRINT &6y PAP(1):SAP(1)sPAACL)oSAA(]) ,PAB(1),SAB(L)PAT(])SAT(])
PRINT 74 PAP(2).SAPI2),PAA(2)4SAAIZ) ,PAQ(2)¢SABI2),PATI2),SAT(2)
PRINT bty PAP(3) 5AP(3)4PAA(D)SAAI3),PAG(])954813),PAT(3),SAT(3)
PRINT 99 PAP(4) sSAP(4) ,PAA(Y)3SAALY) ,PASIY)sSABIY) PATIN) ,SAT(4)
PRINT 10, PAP$51 ,SAP(5)sPAA(S) ,SAA(S) ;PAB(G) 4SABI5) PATIS) (SAT(YS)
PRINT 11, PaP(6),SaP(6),PAA(S) SAA(S) PABLA) SABIS) ,PATIS) ,SaT(s)
PRINT 13,((SPOI9,3J,1),SP02(9,u,1001%],4),49%1,2)

PRINT 129 PAALT7) ,SAA(T7),PAP(7),SAP(7),PaB(7),SAB(7)PAT(7),SAT(2)
PRINT 14 3
INLXsNL

1SPX=)

MAUZ=oRNUM OF

NWOZ=bH LISTE

JA0Zebs-NERS

JN]Z=6~NER

IF(JSPK) 4] ,42,4]

NuCZ=é6h SPEAK

Ja0ZsbHERS

JNIZ=b6ER

INLX=JSPK

ISPxsnl

CONT INVE

PRINT 1991HLX,PVI3),SVI(I)

PRINT 2041SPX,PV(T7),5V(7)

NNm ] geMQOeNASCOR® JAVE

PRINT 21NN PVIB),Sy(B)

PRINT 22, PV{4),S5Vi4)

JNIZe JPIRR]

IF{JPUNCHOEGQGSD) JUN|Zm]

DO 43 I=unlZ,l2

NAAME(I)=gH

PRIMNT 17o(NAAME(T) yIm],12),Pyl2),5vi(2)

PHINT 1S PVI(&)sSV(S)

PRINT 18y PVL])sSV(])

PRINT 164N4024J80Z,PVI5),SVI(5)

IF (JPUNCHeNEO) GO TO 1

PRINT 25

PRINT 24

PRINT 23, PTOY

PRINT 24

PRINT 27, 5T07F

PRINT 24

PRINT 25

RETUNN

PRINT 29

PRINT 30, RATE(])SERATE(])

PRINT 31s RATE(2),SERATEL2),PTOTY

PRINT 33y RATE(3),SERATE(3)

PRINT 32, RATE(4) ,SERATE(4) ,STOT

PRINT 34, RATE(S) SERATE(S)

IF (NKeGTo8) C TO 2

PrINT 26

PRINT 44

RETURN

PRINT 28, RATE(6),SERATEC &)

MEOW | =mAN

MECuyséh

IF(JAVL oL Te2) U U2ZmoH
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8le
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Sbe
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8%e
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9le
92e
93e
948
95e
Y6
97
98¢
9%
100e
I10le
102e
103e
10%e
105e
106e
107
108e
10%e
110e
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LL ]

C
3

17
18

19
20
21
22
23
24
25
26
27
28

29

a0
3l

32

33
34

10

IF(JAVEeLTo2) HiDZusH

IF(JAVEGLT,2) GO TO 8932

MEON | =saHAVERAG 107

HEOW2sAMED BY

CONTIHUE

PRINT 44,rEOw | (MEQ-2 4NWOZ ,Ja02

:unn.r (5X, " (QUALITY RATINGS NOT FOR SCIENTIFIC USE)N®419X,4A4)
LTURN

FORMAT (1H1 ,4X,d2HDIAGNOSTIC RHYME TEST SCORES FOR,IX,IAb,21X,10(k
19,1X))

FORMAT(SX,22HEXPERIMENTAL CONDITION,2X,4946,6X,°0ATE TESTEL *,KR2,
1O/7%R2,4%/° \R2,2X0 "1 IST NOo' AL/}

FOKMAT (SX,9HATTRIBUTE 49X ,8HMEAN FOR,3IX,4HSeEe,2X 8HMEAN FOR,42,4H
ISeEe s 2XsBHMEAN FOR  4X s4HSeEs 42X s BHMEAN FOR 4K y4HSeEe /23R, FHATTIRIEU
2TE 48Xy FHATTRIBUTE 19X o 9MATTRIBUTE +9X y9HATTRIBUTE/ 423Ky 7HPRESENT , 10X
3.‘"‘852"1012]|5H°'FFQ/'

FORMAT (SX,7HVOICINGolIX,9(FaclsdXsFbe2,34)7)

FORMAT (SxsBHNASALITY 10K, 4(F6,193X,Fbe2430)7)

FORMAT (5X ,10HSUSTELHTION BX ,4(Fbel 33X FbaZ,3X)/)

FORMAT (SX,1OHSIBILATIONBX ,4(Fbel 43X 4FbeZ,yIn)/)

FORMAT (SX,9HGRAVENESS 19X ,4(Fb6,133X4Fba243X)/)

FORMAT (Sx.1 | HCOMPACTNESS j7X,4(Fb6el,3X,Fb6+2+3X))

FORMAT (SX,13HEXPERIMENTAL ,SX 4(Fb6,],3R,Fbe2,3X))

FORMAT (8X,ISHBACK VSe FRONT 42X o4(Fgel 13XsF6020:3X)/8Xs15nBACK VS
| MIDDLEw2XAs4(Fbe]ldX,F6e2,3X))

FORMAT (//S7Xx,13HVONEL CONTEXT (BX ,4HMEAN,8X s4HSeEe)

FORMAT (Sx,*REMARKSIIIEXPERIMENTAL ITEMS ARE NOT®,20K,4M(UH),11&,
IF6el y6X4Fb,2)

FORMAT (1J3R4*2)ALL SeEe"9oIM',"S BASED ON MEANS OF *,2A6,5XK ,4H(AH),
LallX Fbel 0X,Fba2,/)

FORMAT (SX,10nSPEAKER(S) 42Xy 128348X ,4H(00) 411X ,FbelsbXsFs,.2)

FORMAT (17Xx,*INCLUCEC IN ANY SUMMARY SCDRESQ'nllln“H|l*'.lll.fﬁ.[.
16X,4Fh,2)

FORMAT (5x,"NUMBER OF LISTENERS" y 14 433X ,4H(EE) 911X FbelsbX,Fpae2)

FORMAT (5x,"NUMBER OF SPEAKERS "o l@ 33X 4HUIH) 31 IR Féalsbx,Fge2)

FORMAT (5x,'DRT wORDS PRESENTED')19428X 4HIEH) 31 X oFbalsbx,Fge2)

FURMAT (61X ,49HIAT) 411X Fbel 6X,Fbe2)

FORMAT (55X HXsbR4ISHTOTAL DRT SCORE 4XoFbol 6Kk 1HA)

FORMAT (SSX,|mMXpd7X,1HX)

FORMAT ISSX o dPHARAARXXXAXXXXXAXXXKXXXXXXXXANXXXAKKRARARX)

FURMAT ISEX g 37HAXKAAXXRXXXAXNXXX XXX XXX XXAXAXAXKAARRAXN)

FURMAT (55Xe HXsbxy |4NSTANDARD ERHCR 51 ,Fbe2,8Xs]1HxK)

FORMAT (Sa,1B8HROUGH VS SMNOOTH F9e293X9F5020200 s 37HXRXXAXKRAXRXA
IXAXARARARXAXXNAXXALRKNNR )

FORMAT (S5X,31HUUALITY RATINGS MEAN SeEa s 19X IOMIXXXXXAXRRRR ) X
IXXREXXARXXXXXXXXXXARKXRRY )

FORMAT (Sx,1BHSOFT VS LOUD 1Fe243nF5:2920X31HA835Xs1IHX)
FORMAT (S%,IRHTREBLE VS BASS WFUe2,3XF542,20K , JHXA ,4X,|5HTOTAL O

IRT SCORE)4X,Fbelgba,IHX)

FORMAT (5K, IBHUNPLSKNT VS PLSHT sF4e243XF5e2,208)IHR 84X, 14HSTANDAR
10 ERROR 15X ,Fb60296K,1HX) o
FORMAT (SX,IBHUNCLEAR VS CLEAR F4,2,3XFS,2,20X,lHA 35X ,1IMX)
FORMAT (5X,1BHUNNATe V5 NATURAL +F492,3RF5,2,20R,1M%,35X,1HX)

END

FUNCTICN PRBF (DA,LB,FR)
PRBFe] .0

IF (DA sLbe Le”) KETURN
IF (DB «LEe D«O) RETURN
IF (FR sLEe DsD) RETURN
IF (FR «Lts j4C) GO TO §
AspA

BepH

FaFR

GO To |1

AsDB

BenaA

Felen/tH

AA®2,0/19,004)
010-2.0119-0'15)
Z2aBS(((1e0=Rb)0F®0¢333333],0+AA)/SURT(RBOFe0eb6b667+AA))
IF(DalTe4a) w70 (1 ,00e0faZ0sys1008y)

PRAOFo 5/ 11400700 elv6A54420(4]15194¢20(,0003449+29.01¥527))))0ey
IFIFH LT el eC) PRUFS| qDaPKHF

RETLRY

tub

»
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Ve
10e
i1le
12
13e
140
15
160
17
18e
19
20e
2le
22
23e
240
25e
200
27
28
2%
30e
Jle
32e
3de
34
35
Jbe
37e
38e
39e
40e
“le
420
4le
4%
45e
b
47e
48
4%
50e
Sle
52e
S3e
S54%e
S5S5e
Sée
57e
S58e
5%
60e
ble
ble
6le
b4
65e
bbe
67
68e
6%e
70e
Tle
72e¢
730
74
75¢
760
77
78
7%e

SuBsRouT1%t FIN1S

1TEGL- CUDE

CUNFUN/ALL /CULE (150 ) (SELIZ0) (NG NL yNA NV G JTTEST (NDL (NASCOn qJPUKLY,
LotiR g JAVE o I 1GoJSPALIOPLIO) ,ISAVEILZND) oNATEL20D)

COMMON /ZhF/7 LAGLELLI) o 1TST NAAME(20) ,L115T(20) 4JPukn

CUMMON /SCORE, PAPLT7)4SAP(7),PAAIT) ;SAAMIT) PABLT7) SABILT ) PAT(7)+54
1T47),Pyib) ,SVin) ,PIOT STOT RATE(I0) ,SERATEL110) ,SPUlI0, 2,4),5PD21
21002,4)

DIMENSION O(1Ds2e%)

DO I I=1,.10

DO 1 JUsl1,2

0O 1 k=]1,3

0(ledsX)men

Ollsls))=aMFRICT]

Olls]le2)=6HONAL

Otls2y1)=aHNONER]

Ot1,2,7)86HCTIUNA

O(ls243)m8HL

0(2¢141)=6HGRAVE

0(2¢2,1)1=8HACUTE

0(3,1,1)=86HVOICED

0034241 )m6HUNVOIC

0(3e2,2)=46MED

O(4s)s1)=erHVOICED

O(492,1)=8HUNVOIC

Ol4,242)=6KED

O0(Selel)=6HVOICED

0(55241)=8KUNVOIC ~

0(5¢2,2)%6MED -
Oléolel)Iman sTo

O(by14s2)=4HPPED

0(6,2,))=8H UNS

0(6+2,2)=6HTOPPED

O(74141)=6HVOICED

0(7+2410=6HUNVOIC

01(74242)%6HED

O(Bylel)=pH Sus

O0(B91:2)=6HTAINED

0iBes2,1)1=6M INT

0(812,2)%8HERRUPT

0(8,243)=6rED

01991 s2)=6HB/N

0(9s2,2)=aHB/F

NPZ=NQel6eNASCOReJAVE

HEOK 1= ND(7777BsLALLELLIL))
MEOR2=ANDI7777BoLSHIFTILABLE(I1)s=12)) .

MEORISAND (77778 oLSHIFTILABLE(LL) 9=24))

PRINT Sy (LABLE(T) 91m2 4)o(LABLE(]) 137 9),MEON] ,MEOn2 ,MED.]
PRINT &

PRINT 79 PAPU1)oSAP(L)sPAALL)oSAALL) PABII)sSAB(])PATI]I)SATI])
Rx=]

IF (IOPIKX)eEQeG) PRINT 4y (OUKXg)od)odn) 43)4ISPOIKXGlsl)SPO2(KX,
1leldyl=l,4)

IF LJOPIKX)eEQeD) PRINT 4, (0(KX02sJ)sUm]1,3)4(SPOIKXe2¢1)eSPOZIKXS
.2||'||ll|")

:Rl:? By PAP(2)eSAP(2),PAALZ)+SAALZ) PABIZ)eSABI2)4PATI2),SAT(2)

A=sK)Xe|)

IF LJOPIKX)eEQ.D) PKINT e (0UKXoloJd)oJd=l,3) ISPOIKX1+])eSPO21KYX,
11s00,0121,4)

IF (JOFIRX)eEQeD) PRINT 4, (D(KK929J)0y®) 43) 3 (SPOIKA42s1)4SPO2(KX,
lZ.H.l'l.lﬂ

PRIKT 99 PAPL3)3SAY (D), FAR(3),58A13) PAGID) SABLD) ,PATID),SAT(3)
Kx=Kyxe)

IF (JOPIKX)4EWeG) PRINT 4, (06X ol oJ)oJdml 3) 3 iSPOIKX ) s])SPO2(KX,
1leldyl=l 40

IF CJOPIKX)oEQO) PRINT 4, (O(KXs29J)0sJ®]43),0SPOIKR,240),5P02(VX,
12+10,51%1 44)

PRINT 10y PAPIY) (SAPIY) sPAAIG) ,SAATY) PABI4) ,SAB(4) ,PATI4),SaT(4)
KXmKxe]|

IF LJOPIRX)EQ.D) PRINT &, (D(KEsdod)oum]l 3) oISPOIKAGIel)SPD2(KXy
Llel)yimlg)

TP CTOPUIRE) GEGo () PHINT 4y (0UKXp20d)0d%1430,(SPOIRAL241),5F02(RA,
12400,1%=),4)

PRINT 11, FAPIS) 4 SAP(S) ,PARIS) SAAIG) ,FABIS) ,5a8(5),PATIS) SaT(5)
Kxskxe|

I G1OVIRE Lk ) PRINT 4y (CURY o0 od) ouml 420 o USPUINA 1 o) oSPO2 IR,
Ilasldei=slen

1F L1OFIRAIGEGC) PRINT &y (00KX020d)sd®] o) o (SPUIKLS2Z,10,SPO2IMA,
1241)41%1,4)



00e
Ale
s2e
8le
a%e
- §5e
Bée
87e
88e
8%
F0e
Ple
92e
?23e
94e
95
L1
97e
98
9%
100e
iDle
102e
103e
104%e

10Se

106e
107
108e
109
110e
11le
112e
113e
lld4e
115e
l11ée
117«
110
119
1200
121e
122«
123¢
129
125
126
127
128e
129
130¢
131e
132¢
133,
134
135«
136e
1376
138e
13%e
140e
14]e
142¢

le
20
Je

S5e
beo
7e
(1]
Te
10e
ile
e
13e
14%e

14

1é
15

3l

17

wenANn

3

KAsK)xe)

IF LJOPI(KX)osEQ.D) PRINT
lisldsi®len)

IF LJOPIRX)GEGC) PRINT
12s0041%1,4)

109

Sy (OIRXo1pJDoU=) ) oiSPOIRAGICTISPD2(na,

Y9 I0IRKEI20J)0Jd®) 4] o ISPOIRAGZs1)SPRLIRL,

PRINY 129 PAP(6) ,SAPIA) PAALG) ,SAAIG) sPAB (&) sSARILS) ,PATIG) ,SaTle)

Kiskge|

IF LJOPIKX)eEQ.0) PRINT
1leldelmleN)

IF VJOPIKX)eEQeD) PRINT
ll.ll.lll.ﬂl

KXsKxe]

IF LJOPIKX)eEQ.C) PRINT
.lil'il.:-'.,

IF (JOPIKX)eEQ.D) PRINT
1251045121 ,4)

KisKxe|]

IF (10PIKX)EW.D) PRINT
Ileld,i=],y)

IF C10P(KX)eEW.0) PRINT
124105171 ,4)

8y (OIKXsled)eJd®]l 43) o ISPOIKRLel)SPD2IxK,,

4y (OIKEs20Jd)0Jd") 3) o iSPOIRRL200)eSPD2(nRA,

Gy (OINXg)sJdrods] 43),(SPOIKAL].1),SPO2¢0x,

4, (0IKXe2sJd)sJ®] 3) ,(SPOIRA.2+1),SPD2(%R,

9, (OIRXoloddodsl 43}, ISP KA,0e])oSPO2In1s

4y (0IKRe20d)0Jdm]l s 30+1570tRA.2:1)+SPO2(Ka,

PRINT 135 PAAC(T) oSAALT) yPAPIT) SAPIT)oPAB L7 SARITIsPATIT) SAT(7)

PRINT ;4
IF(JPQxR,GY,0) GO TO 2
PRINT 14

FORMAT (/727)

60 70 3

PRINT 1éo(NAAHEIJ) sJu] s JPQRR)
PRINT 1S,(L1ISTLY) sJ=],JPQAR)
FORMAT (SX*SPKRIS)=* 1X,2048)
FORMAT (5x,°LIST(S)=*,20A8)

NPOl=spLISTEN
NaO2=s4HERS
IF(JSPK.EQ.0) GO TO 31
NaOl=6HSPLAKE
NaO2sgHRS

CONT INUE

PRINT 32

PRINT 17 ,N8O1 ,N%02,NL ,PTOT
FORMAT(SX, *NUMBER OF ®,2A6,13437X,1HX,5X,°TOTAL DRT SCORE®*Fg. )44

lLelnx)
PRINT |8,NP2,5TOT

FORMAT (5X,*NUMBER OF WORDS PER TESTs ,18430% ,IHX,5X,°STAKUARD ERNU

IRS? s Fge2,5X 4 1MX)
PRINT 32

FORMAT (67X * XXAXXXARAXEAXXXXXXAXEAAXXXAXXXXXXXX )

RETURN

FORMAT (SXe2A6,AS5:4IFbel eSXsF&,2,5X))

FORMAT (1M1 4no"CU~TRACTOR: *,346,5%,"TEST CONDITION? *3a6,5x,
I*DATE 1ESTED *4R2,"/",R2,9/°,R2) .
FORMATY lzll.bn#R£S~T.7!.*HS.E.-SI.OHnBSENT.11.4ns.£-.sl.~hulas.9x.
l*HS-E..SI.SHTOTIL.bI.HHS-E.)

FORMATY (/4X 7HVOICING s 9XY(Fb.1,5X,Fbe2,5X))

FORMAT (/94X sBHNASALITY ¢8R 4(F6,1 45X ,Fbe2,5X))

FORMAT (/4X, |OHSUSTENTION ;6X ,4(Fbel ;5K ,Fbo2,5K))

FORMAT (/4X010HSIBILATION ;86X ,4(Fbol 5X,Fbs245X))

FORMAT (/4 s 9MGRAVENESS 7% ,49(F6el 95X ,Fhe2,5X))

FORMAT (/4%41)1HCOHPACTNESS y5X94(Fbol ,5X ,Fbe2,5X))

FORMAT (/4X, IHEXPERIMENTAL® 3K s4(Fhol 46K ,Fbea2,5K))

END

FUNCTION SGNFIT,0F)
Sulif e

IF(DF) 1,2,)
DFsDFe=1

IF(PRBFIDF+1002¢sT/DF)olTs +05) SeNFEaNPC,05
IF(PROF (DF , 100C«sT/DF1alTs «01) SGNFEsHP<.0]
lc.ruavtor.lno'..!:orl.LV..co:, SGrFegHP< 001

RETURN

SGHFeemDF =

RLTu#n
IEAPRUF (1 40onF ,T002) LT,
l"'PB"I!leA'""J'-LTQ

eNS) SEHF®gulMc NS
«01) SGNF=anPc,.01

l'('ﬂb"lcﬂoﬂl."’Il.L‘-oDﬂll sﬁ“"fh"-cCI

RLTUKRN
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10e
11le
120
13e
1%
15«
1be
17e
18e
19
20
2le
22e
23e
24e
25e
260
270
28
2%e
30e
Jle
32
3de
J4e
35e
36
37
38e
3%e
40e
4le
adw
“le
44e
45e¢
“be
47e
48e
4%e
S0e
Sle
S52e
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L840
55e
S5ee
57e
“8e
£9e
aDe

[ 3]

62
)

(L]
5

[ 1]
67

b8

nAAN

13
19
20
15

e

FUNCT IO PHBL A 4Db4F )

P2rhgFLtOA, DY, )

1P (Pagli)

PkﬁLl;: 62461901 110
KETURN
IFIP=,05%)64,63,63
PHbLebr V<40
RLTURN
IFtP=o0]1)066,465,65
PRBL=g=P< « 0S5,
RETURN
IFIP=e'01)68,6767
PRAL®&~P< 0]
KETURN

PREL®6MP<,00])
RETURN
END

FUNCTION 1Sug (J)

THIS ROUTINE KEEPS A LIST OF SUsJECT NUMBERS USED FUR A LIST
AND ALLUXS FOR OIFFERENY SEQUENCES OF SUBJECTSe IT RETURNS
AN ARBITRARYy NUMHER uHICM IS COLSISTANT FOR aliy ONE SUBJECT
IV ALSD CHECKS FOR BAD KEYPUNCHING OR TOO MANY SUBJECTS

INTEGE~ CUDE

COMMON/ALL/CODE(150),SEL(20) 4N oNLsNA KV JTTEST (NDL (NASCOR JPUNIH

LoNRyJAVEIBIG,JSPK,10PL1C) ,ISAVEI2CD)NATE(20)

'CUH"OHI"CEIﬁETIZOD-*loJll.KSAUE(lSOI.NIHE(IOO.ZJ-IANII‘ZD-4J.IS?K

EY(iD)

DIMENSION INAMEL2C),ISPAR(100)

IF (JeNEe2HAA) GO TO 4

00 I I=1,]00

ISPAR(] 1=D

DO J 131,22

INAME(])=D

RETURN

CONTINLE

IF (JeEN«2HBX) G0 TO 2

IF (JeNEe2HEX) GO TO 7

READ 11y KOP ,KSUB NAMI NAN2 ,KPQ

I¥ (KOP«NE.O) GC TU & )

NAME (KSUB, 1 )shaM]

HAME(KSUB,21sNAM2

IF (KPOGNE,0) RETURN

GO0 T0 S

ISPAR(¥OP)=KSUB

IF (KPO«NE-O) RETURN

GO T0 &

IF(JelLTe=99) GO0 TO 13

IF(JelLTe0) GO TO }6&

IFULISPAR(J) 4NE,O) Jm[SPAR(J)

NSuUBsNL

I=Q

Isjeg

IF (1«GTeNSUR) GO TO 10

IF (JeEQeINAME(I)) GO TO 9

IF (INPME(1).NESO) GO TO 8

INAME(] )=y

ISuBsl

RETURN

Paifel 12, USUB,Y

I1SuBs0

RETURN

IRENUSASS(J)

DO 14 K= ), SPKR

IFINATE(K)cEC,TKEMU) GO TO 1S

PRINT 20

FORMAT | INELIGIBLE SPEAKER DOu%NF JELD®)

ISuBsy

IREMyer

RELTURN

IsSvugs|~EMy

JeIREMY

Re TURN

PORMAT (12,12:2402486,802,12)
FORMAT (10X ,7)neeesscsccee MORE THAN,IX,02,1X,1 HPKESENT See 130,1
j0rec®esessene)
Lhi



le
2e
de
Ye

be
Te
[ ']
Ve
10e
lle
120
13e
149
15e
jbe
17
108
19«
20e
2le
220
23e
2%e
25¢
260
27e
28e
29e¢
30e
3le
32e
3de
LK)
35e
lbe
37e
e
3%
40e
Gle
420
4le
444
45e
Ybe
47
48
4%
50e
Sle
52,
S53e
5%e
S55e
Sée
57
SHe
5%
60e
ble
620
6o
&%
65Se
bbe
67e
68
6%
70e
71e

12

13

111

SUBROUTINE KRATING (INC)

INTEGER CODE

COMHON /ALL/CODEULSC)sSELI2D, 4N+ NBL NALMV JTTEST+NDL NASCOR,
LJPUNC « R JAVE 1B16,JSPK,10P(1D),1SavV(200)

COMMON /SCORE/ PAP(7),SAPIT7) PAALT7)oSANLIT) PABIT) oSABI7) ,PAT(7),5A
17470 ,Py(B),Sy(B) PYOT STOT,RATEN1D) (SERATELIU),SPO(ID, 2,4),5PD2¢(

210,2,4)

COMMON /MF/ LABLE(]13)41TST NAAME(2D),L11ST(20),JPQXR
DIMENSION PRATE(1D0),DRATE (10,2n.+80)
INTEGER ANAME ,ALIST

NL=sNBL

IF LINC) 3,5,1

CONT INUE

DO 2 1=1,80

DO 2 J=l,NL

DO 2 Kk=1,10

DRATE(IRsJy])=D,0

NQXL=O

JPQXR=C .

0o 21 =1,20

NAAME (] )=0

L1iST(])=0

RETURN .

ANL=NL

NUAL=NGXLe]

I=sNQxL

ANQXL=rQXL

Inas]

IF (INCelTa=1) IlMAma]

00 4 Ju=],NBL s
RELAD 11 +ANAME ,aLISTY  IL (PRATE(K) K=] 7IoLABLE(]1) 4 (LABLE(K) ,K=2 &
L) o (LABLE(K) yk=7,9)

FORMAT (4X4A2,A491247F3e0,A601Xe348,1X,345)
JslSysriL)

IFIJSPR«6Te0) U=ISUBI=ANAME)

DO 4 K=1,NR

DRATE (K 3J, 1 )uDRATE (K yJol 1oPRATE (K)o MA
DO %] JJs],JPWXR

IFINAANE(JJ) cEQaANAME) GO TO 44
CONTINUE

JPQXRs JPUXR+ ] -
NAAME ( JPQXR I sANANE
LIIST(JPUXR)=ALIST

RETURN

DO 8 K=l 4NR

TEMP2sC 0

DO 7 J=]yNL

TERP=D .0

DO & 1=1,KOXL

TEMPepHRATE(K U, 1)+ TEMP
DRATE(KeJd, | 1mTEMP/ZANGXL

TEMP2=TEMP /ANGRL+TENP2
RATE(K)=TENP24ANL

CONT INUE

DO 10 K=}, ,NR

TEMP=20.0

DO 9 J=1l,NL

TEHP= ((DRATE(K yJol )=RATE(K) )00 2)+TEMP
SERATE(K)I=SQRT(TEMP/(NL=11)/S@RTINL)
IF(JAVE«GTel) GO TO 12
LABLE(12)=AL]ST

LABLE (13 )=ANAKE

CONT INUE

IFGJTTESTNELC) GO TO 13
RATE(1)=8,=RATE(])
RATE(Z)=8,-RATL(2)

RATE(49)"8 ,=RATE(Y)
RATE(sI=bo=RATE(S)

CONT INUE

RETURN

EnD
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SUARQUTINE STDRC
InTLGk~ COULE 112
CUMMON/ALL /CODEL1SC) ,SEL120) ,NXQ  NL (NA NV JTTEST NDL (NASCUR 4JPyIs¢h

LatvRaJAE s InlGadSPR L ILPIIL) JISAVELZ202) ynaTe t2U)

CUMMON /SCOREYZ PAPLT7)3S2P1T7)PAALT ) gSaRl7) Faoi?)sSapl7)PAT{2)45a
ITUTD gP B ) oSVIB) JPTOT STOT RATEI10) 4SERATEIIU) 4SPUIIU,. 2,44)SPCLI
21U,2,%)

COnMEen /ERR/ NSUBL2U) . ILXAP(20,7) o ILXAAI20,7) 4iLXAB(2U7 ) ILXAT (U
1aZ7)olLaet204 )50 o ITER(L112)41SPLTI10420,244)01LXV120,8)

CALL K-TING (0O)

120

IF (JTTeSTeNEe?) T=100.00

NQaNXGe JAVE

AAsNQeiilL

iPLJISPK«GT0) GO TO 8

JuBSaNL®lnL=1)

DO | =] yNA

SE=KSU' i LILXAP siil o 1 ¢yNDL )

SA2e8KSLUMLILXAP g=NL 1 ,HDL)

SAPL)=SURTIE25e2(SA2=S2ee2/NL)/UNBS) /NG

PAP(l)sl(aAel =(20SR))/(AAeB4))®*1C0e=T

Sx=KSyu“(ILXAA KLyl NOL)

SXZeKSUMIILXAA,=NL,I,NDL)

SAALL)SSURTI625e®(SX2=SRve2/NL)/UNBS)/NG

PAAl)al(adeg,=(20S5K))/(AReB,))®]00e=T

Sx=KSyU~(ILXAB ML, ), NOL)

SX2eKSUMiILARB,~NL, I ,NOL)

SABl[)=SCRT(625e813K2=5X0e2/NL)/UNSS)/NQ

PABl)=PAPL])=PRAL])

SK=KSUT(TLXAT ALy ,NDL)

SA2sKSUM ILAATs=NL,1+HDL)

SAT(1)=SQRT(|56e25¢(SX2=Sxee2/NL)/UNBS)/NU

PATI )= (PAP([)*PAA(][))/2.

GSx=Q.

6SX2s0,

Nrd=na sl

IF(JSPKeENeD) NrG=ng

DO 2 |=1l,yNL

Sx=0,0

SK2=0.C

SZi=Q0."

SZXx2s0.0

Xo=Ps."

IFIJSPKeME D) 288JSPK®*96.Q

DU 10 xus] NHG

SK=SX+]LAG(],KQ)

SA2=SX2*1LAQI] 4KQ)ee?

SIZXsS72X*((x5-2e0elLxQ(],KQ))/XB)1*100.0

S2x2=S2X2+ (L (zx6=242%(LXQ(]4KQG))/XH) e 0DaD)ee2

BS5X=(( UeF0,0=(2e5SX))/(NGe9b¢))el00,~T

GSX28G5K2+BSXeel

GS5X=GSx+BSx

STLU])=SYURTILAS({SZX2=SZXee2/NuQ)/INHQe(NHG=]1))) )

STOT=SLRT(ABS(IGSX2=GSXx®e2/NL)/INLe(NL=]1)))) .

PTOT=GSX/NL

DO 5 k=1,9

DO S u=l,2

DO 4 [=1,4

SPOIKJsl)=0.0

SPO2(K,Jyl1=0,0

DO 3 L=1l,NL

SPUIK U el 13SPUIK g 1) *ISPLTIKsL el

SPO2(K 4 Jsl12SPOZIK ,Jal)*I5PLTIKsLsds])0e2

SPO2(KsJel)1%2,0S0URT(6254%(SPN2(K sl )=SPOIK s s [)®@2/NL) /UINS ) /Nw

IFtletdeb) SPO2IK, U I )=5P02(K,Jsl) /24

SPOIK ,Jsl)slAAed4e=2,0SPOIK J,1)1)/7(AAeY,)0100,~T

SPOIK U3 )2SPOIKR,J41)=5P0(KsJe2)

SPOIK s »4)=(SPOIK, sl )*SPOIK,Js2))/2,0

CONT IALVE

DO 7 I=1],8

Sx=0.0

Sa2eQ,.C

DO & J=l,kL

SKeSXeILEAVIJ,])

SA28S5x,%1LAv Ul ee?

SVILI=SURTI278e55540 (85X 2Sxee2/NL) 7UNBS)/NT

Pyll)e(ta2e]12,0=(2e5x))/7(AR012,0))0100.0=T

HLTuerYy

Tie=sng

Nushx e lLe [ JAVE/JSPR)

NLEJSFN .

JSPFKe ] TL

G0 T0 &

| V]
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47e
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53e
S4s
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Sée
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400
ble
b2e
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72¢
73
T4e
75
Tébe
77
788
75e
AGe
Ble
B8le

15

16

17
18

20
21
22
23
24

SULBLRQUTINE TTSTY

INTEGES CUDE 113

CUrPON/2LL/CCLFCLS0 ) oSFLE2T ) WG aHL gMA N s JTTEST 3 WDL (HASCCH yJP UL,
Lolih g JAVE s B 1GedSPR IUP(IL) 15aVEL2UC) oNeTL I 2U)

COMMON ZSCURE/Z PAP(7)4SAPI7),PAALT ) (SAR(T) ,PAB(T7),SA0LT) PAT(T7),4+54
I1T(7),PVIB),Sv (A} ,FTOT,STOT,RATECLIC) ,SERATE(IUI,SFOLIU, 2,%),5¢041
210424%)°

DAMENSION SIG(S548)

DEshiL=]e0

NDFaNL=] .

DO 1 =] ,NA

PAP L] )=ABSIPAFP(1)/SAP(]))

PAA(1)SABS(PAA(])/ShALT))

PAB(])=ABS(PAE(1)/SABI(I))

PATI1)®ABSIPAT(TI)/SATI]))

O 2 JslyNv

PVl )maBS(PVIL)/SYVI]D)

PTOTsAES(PTOT/STOT)

00 3 =] N&

SIGL1,1)=SGNF(PAP (1) ,DF)

S1G(2,1)1=SGNFIPAALT),CF)

SIGL3,11=SGNFIPAB(]) ,OF)

SIGULY 41 )mSGNF(FPATIL) ,OF)

SIGTOT=SGNF(PTOT ,DF)

PRINT |5, (CODE(I) 1=l NG,4)

PHRINT 16

PRINY 174 PAPL1)3S1GlLal) oPAAL]3sSIGI2,1),PABLL)SIGLIW1DWPATI]),S
11Gt4941)

PRINT By PAPI2),S1G1142)4PaAt2)+S1G12,2)PAp(2),516L3+2),PATI(2]),S
11G6(4,2)

PRINT 19, PAP(31}:S1GL1,3),PAAI3),S1G(2,3),PA3(3),S]16(3+3),PATI23),S
11G6(4,3)

PRINT 20, PAP(4),4S1GI1+4) PARG4) ¢SIGI2,u4),PAB(4) SIGLIs4),PATI(4),S
116(4,4)

PRINT 21, PAF(Z),S1G01,5),Paa(5),51G(2,5):PAgi(5)+sSIGII+5)sPATIS) S5
ilG(4,5)

PRINT 22, PAP(45)+51GI146) PAALE)1SIGI2,6)PABIE)S1G(3+8),PATIE),S
11G(4,6) 5

PRINT 23, PAP(17)45]GI147)4PAAIT7),S1G(2,7)PAglT7),SIGI3s7)4PATIL7),5
116(4,7)

IF (HR+EQ.D) GO TO 7

DO 4 K=],NR

RATE(K)=ABS(RPATEIK ) /SERATE(K))

SERATE(K)=SOGNF (RATE(K) 40F)

CONTINUE

PRINT 9

PRINT 10, RATE(1),SERATE(])

PRINT L1y RATE(2)4SERATE(2)

PRINT 12, RATE(3)+SERATE(3)PTOTsSIGTOY

PRINT 13, RATE(4),SERATE(4)

PRINT 19, RATE(5),SERATE(S)

IF (NR=5) 66,5

PRINT dy RATE(6) ,SERATELS)

RETURN

PRINT 24, PTOT,SIGTOT

RETURN

FORMAT (5X,1S5HSMODTHNESS 2Fb6e24220A6)

FORMAT (5X,30HZUALITY RATINGS T )

FORMAT (5X,lcHLOUDNESS 1F602 42K ohbol o 1 ISHXRRARRARAXXRALAKXARR
FXEXXXXRRNXXXXXXAXXXKXXRRXXX)

FORMAT (S4,15m134SS £S5 sFBe2 02K 32b6 0168, [HX,432,]1HX)

FORMAT (5Xx41S5HPLEASENTNESS WF60292x3sAbs bR, HAZ4X,I5HTOTAL DRT S
ICORE ;49X qF 86,2 49X ,Ab 94X 1HX)

FURMAT (SK,1sHCLEARITY 1FEe2s2x1Ab o IR IHR 43X, ,1HX)

FORMAT (54, ISHIIATURALNESS $F602 322 sAb sl 6R yMSHRRRAXXEXXAXKLXKX & x X
IXAXXXXXRXXAXAX XXX XXXXRAN X XK )

FORMAT (IHI 7X484HT TEST==A TEST FOR SIGHIFICANCE OF DIFFERENCES B
VETAEFEN DIAGNOSTIC RHYME TEST SCORES.//BX24HEXPERIMENTAL CONQITION
253,101(2%444%)/77)

FORMAT (1HO 44X FHATTRIBUTE 7X s 7HPRESENT 12X y6HABSENT 314X ,44BAS, 15
IXo9HMEAN)

FORMAT (IHO.4Xx,12FvOICING sUR G 9UFE,2,2X9Ab6,45K))

FORMAT C(IHDsuX sl 2HnASALITY v 4K s ulFEa242X0Abs52))

FURMAT (1mD 48X, I2HQUSTENT [0 o9X 44 (F6,2,2X1A6452))

FURMAT (1HO«42  I2ZHSTRILATION YK 40F6e2,2X0h8,52))

FORMAT (1HOs4x012nGRAVERESS VAKX U lF A 2,20 0a645))

FORMAT (IHD 9% ,12HCOFPACTHLESS (94X ,4(F6,2,2XsA8,521))

FURMAT (IMD 4a 1 2HFXPERIVMEMTAL (94X o lFb,2,2Y0A8,5x))

FORMAT (/7774552 10HTUTAL DRT SCORE quX  Fée204x ,Ag)

Enp



le
2e
3e
Ye
Se
be
Te
8e
Se
10e
1le
120
13e
14e
15e
1ée
17e
18e
15e
20e
21e
22e
23e

2%s .

le

20

3e

e

Se

be

Te

Be

Fe
10e
ile
12
3=
149
15e
l16e
17
18e
19
209
2le
22
23
29e
25e
260
270
28e
29
30e
3le
32
33
34
35e
b
37e
Jde
35
40
4le
42
4le
44e
45e
q4be
47e
Yybe
4%
50e
Sle
52e
Sde
S4e

VwEWNAN

99

10
il

20
21

30
A

SUSRBUTINE PUNCH

INTEGE? CuDt 114
CURMOR/ALL/CODF 11501 sSELI20) JNGuNL ob2 NV o STTEST JHLL (NASCOX , JPUNCH,
l-uwndh.LnIEIG.JEPx.luPIlO).[bAv.ZDu,.N‘T£|2O'

CUMMON /4F/ La LEC131,1T5T

l:r;fo: :;EO:E/‘PAPITI.5&9(71.PAA|7D.5AAI7),PAB(??.SAH(?!.P&I(TI.S‘

. VIE) ,PTQT,STOY

e sPTOT,STOT RATEC10) SEKATLILIU) 4SPOUIU, 2,4),5Pp2
PUrRCH &, (QDFl*l.Nﬁ.NLcHl,HU_uQ.LAgLE"2,.L‘HL£‘13.

PUNCH 24 (PAEIL) Ui 704 (PAT(L),l=1,7)

PunCw 3, lSlt|JI.J-1.7:.(5.1¢;,_g.|.,,

PUNCH 34 (SAP(J14Je],7),(SAA(L),I%],7)

PunCH 3, (RATECL) o 0=1 oNR) (SERKATE(J) , 3] (NR),PTOT,STOT

00 | J=},9,2

PUNCH %, (‘SPO‘llJl".SPoz'l'J.".J-

Je2)aR=3,4) 4 ((SFO(]+

|2|l‘l'JsKJ|J=].2).‘.1.4, » ] ledexK) 45¢0
RETURN

FORMAT (7Fbe)47F5e])
FURMAT (14F5,.2)
FORMAT (E(FS.],FS.2))
FORMAT (A4,512,248)
End =

FUNCTION SUMXZ(“N]

COMMON ZADD/ SUML2042+202424+2),.K010)
DIMENSICON SM(20:02920242,2),K(1N)
Ki=sx(})

K2=sK(2)

K3=K(3)

K4=K(49)

K5=K(5)

Ke=sxK(g)

00 99 Ili=],x

DO 99 (2= ,K2

DO 99 [3=],K)

Do 99 192} K&

DO 99 [S=] ,KS

00O 99 [483] ,Kké
SACLLeI2s134149,i5s161mSUMILL,12s13914,415416)
IF(MeESC) GO TO 131

0O 100 I=],™ .
NNENC])

Nil)sQ

GO TO (1+s203,49:5:6) 4NN

DO 11 12=1,K2

DO 11 13=],k2

DO 11 19%].K4

DU L1 [5=],KS

DO 11 16=],.,Ké

DO 10 [l=],.K1
SK=SXeSMUT1412.130149415018)
SHII1s12+13414+15+16)=00
SMULa12913,14,15,18)18S5X

o To 103

DO 21 11=1,K]

D0 21 13=],x3

D0 21 1431 ,K4

DO 21 i5%],K5

DO 2] 6% ,xs

Sx=0, .

DU 20 [2m],x2
SXESX+SMIT1s12,13,1%,15416)
SHIT1 12413404, 05418)20,
SHUTL o1 si34149,15,16)=5X

G0 To 130

0G 3 Ili=s), ¢

DU I (2% ,x2

DO 3] (9=} ,xKy

0O 3} |5=],K5

00 3] (6w ,Ke

Sa=3.,

OU 33 1)3=],x)
SErSEenit114302,1340%,15,4106)
SMILLeI2013014940154)8)=0,
SHIlL1.012010la,05,106)=9

60 To 120



55e
Soe
“wle
Sece
59e
60e
sle
s2e
6le
&4e
65e
bbe
67e
ste
6%e
7Ce
Tie
72
73e
T4e
75e
16
77e
78e
79e
&Ce
Ble
52e
Ede
B4%e
RSe
Fbe
c7e
68e
ATe
90e
Fle
92
93e
Ghe
95e
Sb&e
97

~0
“1

50
5!

60
61
10c
10}

Uu 9] lie}]  x)

DU %] 12=],K2

CO %1 13=)],K3

U0 9] [a9=],K5

DU 4] 16=],Ks

SisQ,

DU 4C [ve] Ky
SAsSEe5" (1141 2.1301%s154l0)
SHIT1el2403s14015016)%00
SHIILsl2401341415418)85X
€0 To 1CC

DU S| il=1,x]

Lo 51 [2=] ,K2

DU S (3=} ,K3

DU 5] (49=],K4

Du 51 [&=],Ké

Sa=0.

DO S5C (5=] ,xS
SAxSKeSMII1,12,13,19,15418)
SHITLs!2+[3,41%4150161%0,
SHITLel20l3sl4slelb)esx
G0 TQ 13C

DO &1 Iil=],x] .

DO &] !2=],K2

00 &1 [3=],x)3

DO 61 |4%),KY4

00 61 (5=|,K5

SXx=Q,

DU 60 lé=] ,Ks
SEAESX+S¥(11412,0i3:14:15418)
SMIL1 4012403414415 +1801=0,
SHIT1412403414415,)=5X
CONT INUE

SUMX2=(.

DU 111 ll=],K]

DO 111 12=],4K2

0O 111 13=],k3

DO 111l 14=],x4

DO 11 15=],4Kk5

DO 111 Té=] ke
SUMR2=5UMNR2+SH I [ 19124134 1%,1I5,14)0e2
RETURN

END

115
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APPENDIX II

SPECIMEN DRT IV ANSWER BOOKLET



DRT

BOB -
DAUNT -
MOOT -
SHEET -
GAB -
TOT -
BOAST -
REP -
SAID -
GNAW -
SHOES -
KEEP -
DANK -
DOT -
ROAD -
TINT -
DECK -
TONG -
CHEW -
REED -
SAG -
LOT -
FOAL -
DIP -
FENCE -
THAW -
POOL -
YIELD -

NAME

IV-(1)

GOB
TAUNT
BOOT
CHEAT
JAB
POT
GHOST
LIP
ZED
DAW
CHOOSE
CHEEP
BANK
GOT
LOAD
DINT
NECK
THONG
Ccoo
WEED
SHAG
ROT
VOLE
NIP
PENCE
SAW
TOOL
WIELD
RAP

COOT
POND
BONE
BILL
GUEST
FOUGHT
POOP
LEAP
FAST
KNOCK
DOZE
SING
NET
CAUGHT
LEWD
BEAN
MAD
BOX
JOE
DID
WREN
LAW
Z00
NEED
THAN
CHOP
FORE
FIT
LEST

DATE

117

TOOT
BOND
MOAN
VILL
JEST
THOUGHT
COOP
REAP
VAST
DOCK
THOSE
THING
MET
TAUGHT
RUDE
PEEN
BAD
VOX
GO
BID
YEN
RAW
SUE
DEED
DAN
cop
THOR
HIT
REST




DRT

PEST -
FAULT -
NEWS -
VEE -
THANK -
WAD -
50 =
RID -
DENSE -
BOSS -
FOO -
THEE -
FAD -
FOP -
ROW -
GIN -
BEND -
SHAW -
GOOSE -
PEAK -
GAT -
ROCK -
COAT -
BIT -
DEN -
JAWS -
MOON -
TEA -
RAMP -

Iv-(1)

TEST
VAULT
DUES
BEE
SANK
ROD
SHOW
LID
TENSE
MOSS
POOH
ZEE
THAD
HOP

CHIN
MEND
CHAW
JUICE
TEAK
BAT
LOCK
GOAT
MIT
THEN
GAUZE
NOON
KEY
LAMP

FAN
CHOCK
NOTE
THICK
CHAIR
DONG
RUE
REEK
GAFF
MOM
DOUGH
GILT
TENT
YAWL
ROOT
FEEL
NAB
BON
THOLE
THIN
KEG
WRONG
TUNE
BEAT
CHAD
JOT
BOWL
GILL
REND

PAN
JOCK
DOTE
TICK
CARE
BONG
YOU
LEAK
CALF
BOMB
THOUGH
JILT
PENT
WALL
LOOT
VEAL
DAB
VON
SOLE
FIN
PEG
LONG
DUNE
MEAT
SHAD
GOT
DOLE
DILL
LEND

118



DRT

GOB -
TAUNT -
MOOT -
SHEET -
GAB -
TOT -
BOAST -
RIP -
SAID -
DAW -
SHOES -
KEEP -
DANK -
DOT -
ROAD -
TINT -
DECK -
THONG -
CHEW -
WEED -
SAG -
LOT -
FOAL -
DIP -
FENCE -
SAW -
POOL -
WIELD -
LAP -

Iv-(1)

BOB
DAUNT
BOOT
CHEAT
JAB
POT
GHOST
LIP
ZED
GNAW
CHOOSE
CHEEP
BANK
GOT
LOAD
DINT
NECK
TONG
Coo
REED
SHAG
ROT
VOLE
NIP
PENCE
THAW
TOOL
YIELD
RAP

COOT
POND
BONE
BILL
GUEST
THOUGHT
POOP
REAP
VAST
KNOCK
DOZE
SING
NET
CAUGHT
LEWD
PEEN
MAD
BOX
JOE
DID
WREN
LAW
SUE
DEED
DAN
CHOP
FORE
FIT
REST

119 ‘

TOOT
BOND
MOAN
VILL
JEST
FOUGHT
COOP
LEAP
FAST
DOCK
THOSE
THING
MET
TAUGHT
RUDE O
BEAN
BAD
VOX

GO

BID
YEN
RAW
z00
NEED
THAN
CoP
THOR
HIT
LEST



DRT IV-(1)

TEST
VAULT
NEWS
VEE
THANK
WAD
SO
RID
DENSE
MOSS
FOO
THEE
FAD
FOP
ROW
GIN
BEND
CHAW
GOOSE
TEAK
GAT
ROCK
COAT
BIT
DEN
GAUZE
MOON
KEY
RAMP

PEST
FAULT
DUES
BEE
SANK
ROD
SHOW
LID
TENSE
BOSS
POOH
ZEE
THAD
HOP

CHIN
MEND
SHAW
JUICE
PEAK
BAT
LOCK
GOAT
MIT
THEN
JAWS
NOON
TEA
LAMP

FAN
CHOCK
NOTE
THICK
CHAIR
BONG
RUE
LEAK
CALF
MOM
DOUGH
GILT
TENT
YAWL
ROOT
VEAL
NAB
BON
THOLE
THIN
KEG
WRONG
DUNE
MEAT
SHAD
JOT
BOWL
GILL
LEND

120

PAN
JOCK
DOTE
TICK
CARE
DONG
YOU
REEK
GAFF
BOMB
THOUGH
JILT
PENT
WALL
LOOT
FEEL
DAB
VON
SOLE
FIN
PEG
LONG
TUNE
BEAT
CHAD
GOT
DOLE
DILL
REND



DRT

GOB -
TAUNT -
MOOT -
SHEET -
JAB -
POT -
BOAST -
RIP -
SAID -
DAW -
SHOES -
CHEEP -
BANK -
GOT -
LOAD -
DINT -
DECK -
THONG -
CHEW -
WEED -
SAG -
LOT -
VOLE -
NIP -
FENCE -
SAW -
POOL -
WIELD -
LAP -

IvV-(1)

BOB
DAUNT
BOOT
CHEAT
GAB
TOT
GHOST
LIP
ZED
GNAW
CHOOSE
KEEP
DANK
DOT
ROAD
TINT
NECK
TONG
Coo
REED
SHAG
ROT
FOAL
DIP
PENCE
THAW
TOOL
YIELD
RAP

TOOT
BOND
MOAN
VILL
GUEST
THOUGHT
COooP
REAP
VAST
DOCK
DOZE
THING
NET
TAUGHT
LEWD
PEEN
MAD
BOX
GO
DID
WREN
LAW
SUE
DEED
DAN
CopP
FORE
FIT
REST

- F

COOT
POND
BONE
BILL
JEST
FOUGHT
POOP
LEAP
FAST
KNOCK
THOSE
SING
MET
CAUGHT
RUDE O
BEAN
BAD
VOX
JOE
BID
YEN
RAW
z00
NEED
THAN
CHOP
THOR
HIT
LEST



DRT IV-(1)
122

TEST - PEST FAN - PAN
VAULT - FAULT CHOCK - JOCK
NEWS - DUES NOTE - DOTE
VEE - BEE TICK - THICK
THANK - SANK CHAIR - CARE
WAD - ROD BONG - DONG
SO - SHOW YOU - RUE
RID - LID LEAK - REEK
TENSE - DENSE CALF - GAFF
MOSS - BOSS BOMB - MOM
POOH - FOO DOUGH - THOUGH
THEE - ZEE GILT - JILT
FAD - THAD TENT - PENT
FOP - HOP YAWL - WALL
LOW - ROW LOOT - ROOT
GIN - CHIN VEAL - FEEL
MEND - BEND DAR - NAB
CHAW - SHAW VON - BON
GOOSE - JUICE SOLE - THOLE
TEAK - PEAK FIN - THIN
BAT - GAT KEG - PEG
LOCK - ROCK LONG - WRONG
GOAT - COAT DUNE - TUNE
BIT - MIT MEAT - BEAT
DEN - THEN SHAD - CHAD
GAUZE - JAWS JOT - GOT
NOON - MOON DOLE - BOWL
KEY - TEA DILL - GILL

LAMP - RAMP LEND - REND



DRT

BOB -
DAUNT -
MOOT -
SHEET -
JAB -
POT -
BOAST -
RIP -
SAID -
GNAW -
SHOES -
CHEEP -
BANK -

LOAD -
DINT -
DECK -
TONG -
CHEW -
REED -

SAG -

VOLE -
NIP -
FENCE -
THAW -
POOL -
YIELD -

Iv-(1)

GOB
TAUNT

CHEAT
GAB
TOT
GHOST
LIP
ZED
DAW
CHOOSE
KEEP
DANK

ROAD
TINT
NECK
THONG
Ccoo

SHAG

FOAL
DIP

SAW
TOOL
WIELD

TOOT
BOND
MOAN
VILL
GUEST
FOUGHT
coop

FAST
DOCK
DOZE
THING
NET
TAUGHT

BEAN

BOX
GO
DID
WREN
LAW
200
NEED
THAN
cop
FORE
FIT
LEST

-0

COoO0T
POND
BONE
BILL
JEST
THOUGHT
POOP
REAP
VAST
KNOCK
THOSE
SING

CAUGHT
RUDE O
PEEN

BAD

VOxX

JOE

BID

YEN

RAW

SUE

DEED

DAN

CHOP

THOR

HIT

REST



DRT

PEST -
FAULT -

WAD -
SO -
RID -
TENSE -
BCSS -
POOH -

FAD -
FOP -

GIN -
MEND -
SHAW -

GOOSE -
PEAK -
BAT -

BIT -
DEN -

§s§§

v-(1)

TEST
VAULT
DUES
BEE
SANK

SHOW
LID
DENSE
MOSS
FOO

HOP
ROW
CHIN
BEND
CHAW
JUICE

GAT

FAN
CHOCK
NOTE
TICK
CHAIR
DONG
YOU
REEK
GAFF
BOMB
DOUGH
GILY
TENT
YAWL

FEEL
DAB
VON

SOLE
FIN

BEAT
CHAD
JOT

DILL
REND

124

PAN
JOCK
DOTE
THICK
CARE
BONG
RUE
LEAK
CALF
MOM
THOUGH
JILT

WALL
ROOT
VEAL

BON
THOLE

PEG
WRONG
DUNE
MEAT
SHAD

GILL
LEND
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APPENDIX III

SPECIMEN OUTPUT OF DRT IV
COMPUTER SCORING PROGRAM
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